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Belle Il Physics Rates

® Physics triggers
Process o | Rate (Hz) e Upsilon 4S + continuum
(nb) | @ L=8x103> ® Three-track
e Total energy
Upsilon(4S) | 1.2 960 ® Isolated cluster
e Tau pair
Continuum | 2.8 | 2200 ® Twowmack
® Calibration triggers
M 0.8 640 e Bhabha
e Pre-scaled by Bhabha trigger (ECL)
TT 0.8 640 ® vy
] ® Pre-scaled by y-y trigger (ECL)
Bhabha 44 350 ® Mu pair
. ® Two-track
Y-Y 2.4 19 e Random trigger
Two photon | 80 | 15000 ® Veto
® DBeam injection
Total 67 ~20000 ® Two photon events if necessary

® Low level reconsiruction is necessary
* Hate of Bhabha and y-y are pre-scaled by
factor 100

** Rates are estimated by the luminosity
component in Belle L1 tngger rate

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 2



Belle-Il Trigger System /=3

Korea U. [ cpC —— ISF [T r4(DTrack—| 3D Track | -

National United U.
Fu Jen Catholic U. Opening Angle -
Heidelberg U. Bock to-back g

Timing [——%

T

KEK E—
Han}'ang U. ECL st Trigeercolf 7 Chmter |

Seoul Mational U. Cluster Count =
= e L1 Trigpe:
—] Esergy Sum | High Threshald - ¥l .
Lo Threshold [= -E
Bhabha L :E
Hawaii U. [ BPID me | » 8
. . o e o =
Univ. of Pittsburgh Mulriplicity > 2
o -
Topology T
Fine Tinyimp L=
Virginia Tech. | KIM - sm |t oo | .
Hawaii. U. Backward
Bearrel -
3D Muon Track L
Hadron Clhester r=

—— e in Bella 1

e 5 U see after beam erossing

=
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Belle Il Trigger Strategy

L Requirements (@ = ok, ® = under study or unknown)

71 High efficiency

= Max. average rate

2 Latency
71 Timing precision

® Event separation

almost 100% for Upsilon 45 events
¢ No deadtime -> pipeline
¢ Redundant and independent TRG logics -> 3 main TRG

30 kHz @ 8x10%° em—s!
& Limit from DAQ
¢ (ood background reduction

® Flexible TRG logics to manage BG rates
® Low level event reconstruction to identify BG

~ 5 usec

¢ Limit from SVD front-end
less than 10 nsec

¢ Request from SVD front-end
200 nsec

¢ Request from DAQ

® Belle triggering scheme is employed again
® Sub-Triggers + Global Decision Logic

® Dasic idea 1s saine, but each comnponents will be nnproved

12/14/2011

Data flow : parallel -> high-speed serial

Data rate : 16 Mbps -> 190 Mbps (CDC wire case)
Logic : hard-coded -> FPGA

#cables and modules : O(1000) -> O(100)

Gary Varner, US Belle Il pre-CD-1 Directors Review




zhdnified Readout for Belle || Palfms

LLE. DEPARTMENT OF ENERG Y B II H

At full luminosity, the data rate is 900 MB/sec.
A high performance DAQ system is being

Belle2link protocol designed by KEK and IHEP Beijing
COPPER -
Giga—bit Fiber ;_FINESSE [ | ek
Transceiver Links — ‘
1] Interface
Subdetector Readout Module : 1| cards
ASICs | T
- FPGA —p ‘ [

YYvy

Pipelined Readout

Global Decision Logic

AR

or ADCs |

On or in Detector

o

Clock/Event Timing Distribution

B :

FPGA firmware consists of 3 parts:
1) ASIC/ADC driver (common)

2) Trigger/feature extract (subdet. specific)
3) Unified DAQ transport protocol




, .‘,--

y — X M L S llﬂﬁ“l'
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Data processing in DAQ Linux CPUs

PXD%I_ :[ PXD readout box ]—>
- - .

5 } e
05M h / ~3DD R/O boards HLT der] =
5M chan. COPPERS) ~30 R/O PCs distributor —
reco =
svér H lude "=

CDC%'E

%
Z Japling JuaA3
E.+E
‘ o8 \
00

e D e
— . — = . | |
S ERT ) e -
EC tx LI [ I _
—- - . [ ; +[‘E[_“;ﬂ
Belle2link = 5 [» rder| —
T¥RrRO - > HLT__T
™ - arms
= 45 PC +0(10) units of =1DITJJ?1L:’E
— - ~-400 cores/unit
. — )
: IS
RO —» h
KLM & T Pc
—- .
Near detector E-hut DAQ server room
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Scint. KLM Readout

TARGET6
Dec. 3 submit

112+32 DAQ fiber
transceivers

Giga—bit Fiber
Transceiver Links

Subdetector Readout Module
ASICs

FPGA

20k channels

1.25k 16-channel

Waveform sampling

(TARGET) ASICs
112432 SRM

Pre-amp Production
Complete by end of JFY

or ADCs

On or in Detector

FPGA firmware consists of 3 parts:
1y ASIC/ADC driver (common)

2) Trigger/feature extract (subdet. specific)
3) Unified DAQ transport protocol

36 HSLB FINESSE
9 COPPER

|FINESSE

Global Decision Logic

Clock/Event Timing Distribution
|

_ Sl

ey FTsw for
= programming/
timing/trigger

eKLM_Readout_RevA
i XS, AG = IDLAB, UH Manoo
April 2012 +-10L_12_009 +

-4 rectors Review

Trigger is common
with RPC/barrel :
Use a common
merge board

8



Technical Status: back-end (1)

Local Bus PCI Bus
-3

PCI Mezzanine Cards

Mezzanine Cards
—» FINESSE —»

—» FINESSE

Detector Signals

—» FINESSE <» Memory

—» FINESSE <> CPU

Upgraded for

\/
ele I
|

rigger interrupt

t Trigger input

« COPPER (COmmon Pipelined Platform for Electronics Readout)
e Used in Belle, J-PARC experiments

*FINESSE (Front-end Instrumentation Entity for Subdetector Specific Electronics)

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 9




COPPER

CPU (Linux)
Digitizer cards ATOM 1.6GHz _
(Belle2link recv.) Memory : 512MB BelleZlink

Form factor = VME 9U

COPPER

Belle2link Recv.l
B

Readout FIFO I
I

Dnline pracessoi

— 28| [TGeneric
‘. on-néard eter [ ] | PMC slot

Network

1000Base-T port x 2 fo event builder

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 10




Technical Status: back- end (2)
Belle2link | gy

|
kslow control : I
data = receiver
FINESSE| |
optical |
fibers COPRPER

e @ G &G a—— A e

FPGA on detector readout card

Functionality of BelleZlink
1) Data transmission from detector FEE to COPPER

<- Performance (3Gbps link) was already reportied laast year.

2) Parameter downloading to FEE and various slow control
from COPPER

11
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Output Width [ns]

Technical Status: Trigger

gl trerr,  iigeladd, i bbbl

B D eneet - Tri gger time-stam pi Ng Same as iTOP

: - e s
- " . @
= " ¢ & 8
— . . . -
- . ILI'F i L
= - o g h
- ] - :iﬁﬁ-'. fd
- P i A
I
- = .l C :
:_: l 3 - -
”:“: = k. ufl
I SCROD
Trigger 1-shot Width Adjust | ¢ T-1_TRG e
= Power (T_1_TRG)

100 - A wide variety of established
FPGA-based TDCs with few ns
resolution

! \\ Need anyway for readout hit-
matching

Discharge Current [uA]
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D

Trigger/Timing Distribution (FTSW) =

Belle IT

From Nakao-san’s documentation:
20110805 version

Timing signals over CAT7 cables

7 ports, 01 to O7

ACK = ACK: 234 Mbps serialized, unused
TRG == TRG: 234 Mbps senialized

RS/ == RSV pulled down to GND

K = CLK: 127 Mhz

JTAG signals over CAT7 cables 07

4 ports, 09 t0 012 o8 || O10

TCK == cillon
TMS *+— s
DI <=
TDO=—>

Monitoring signals over a CAT7 cable
AUX port

trgin <= copy of trigger input

trg21 A== |atched with 21MHz clock
trgpulse == trgin and (not trg21) |
clk21 = 21MHz clock

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 13



D

Trigger/Timing Distribution (FTSW) =

Belle IT

From Nakao-san’s documentation:
20110805 version

Timing signals over CAT7 cables

A
7 ports, O1to OF
ACK - ACK: 254 Mbps seralized, unused ©1 02
TR === TRG: 254 Mbps serialized y
RS/ === RSV: pulled down to GND 03 || O4 -
CLK “#= CLK: 127 Mhz |
0s || o8 =
=
JTAG signals over CAT7 cables o7 || os !'__
o
4 ports, 09 to 012 09 || o10 [
o — =
Fl"fig e o11 || 012 I
=
TD| =
TDQ) m— _

Monitoring signals over a CAT7 cable
AUX port

trgin <= copy of trigger input
trg21 A== |atched with 21MHz clock
trgpulse == trgin and (not trg21)

clk21 = 21MHz clock

L
-
=

g

\

E e.!
- '
¥
s v
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High Level Trigger (HLT)

- Unit structure (O(10))
* to reduce the number of output port of event builder
* to keep up with the gradial luminosity increase
* fault-tolerant : each unit is completely independent
- Based on the parallel processing technology developed for basf2

Pixel
Sl \Jfgaker QI odes  Event | Detector
Separator nodes) Merger RO
?"'tx‘-"-" basf2 :: "|l'}{ *
o (@ e Or— ﬂl‘@\/*: DHOMtx >
D @ R >
- 3 N, h >
S - NN \Ex multicore 'X %1
=N \r: i@ - o g
0 - one HLT unit @
= - =
@) | -
| " 1%
B event receiver  — B2Socket x O(10) HLT units

@ rng buffer

E event sender

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 15



Expected data rate/size reduction for L1 trigger rate=30kHz
with loose HLT trigger + Final trigger at PromptReco

~1MB/e Size reduction=1/10
"“3UI(H se reduction by trac ,._,,1 00 kB/eV fin

by HLT sel.
Rate reduction = 1/2

]
r::igut ~1 OkHZ | RecOraimg
processor event tag RAID -

PXD

fﬂch el ~ 180kB/ev
. L » RIO| | HLT ~180kB/ev ~5kHz
E’”PPEH = Il ~10kHz |- ~0.9GB/s
— = ~1.8GB/s
I F— _ @PReco

~30kHz ~30kHz _I~80kB/ev
sGEERT Size red. by formatting | ~10kHz
except Pixel

Recording

%:DF‘PEREE IEE R Rate reducti /£ [™|RAD|—

12/14/2011 Gary Varner, US Belle Il pre-CD-1 Directors Review 16




Belle Il Throughput

Estimated event size and bandwidth

Assumed L1 rate = 30kHz (maximum of average)
#ch occ #link /link FNS

PXD 8M
SVD 243456
CDC 14336
BPID 8192
EPID 65664
ECL 8736
BKLM 19008
EKLM 16800
TRG

12/14/2011

[%]
2
1.9
10
2.5
15
33
1
2

[B/s]
40 455M @ —
40 138M HSLB
302 06M HSLB
128 75M DSP

78 11M HSLB
52 7.7M HSLB
16 97M HSLB
66 19.5M HSLB

HSLB

#CPR ch sz

[B]

— 4

40 4

79 4

16 16

20 2.8

26 g

6 8

fo be fixed ¢4
10

Gary Varner, US Belle Il pre-CD-1 Directors Review

evsz total /CPR

B] [Bs] [Bls]
800k 182G  —
185k 555M 13.8M
6k 175M  2.3M
4 120M  8M

28k  84M  4.2M
12k 360M  15M

2K 60M  10M
1.4k 42M  5.3M

Fixed by proposed layout
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Overview of KLM Crate Utilization

Belle Crate Configuration shown

KILM geofnetr}r Plan is to re-use locations, but with the
following changes:

1) All endcap 6U crates are removed

2) 8 new 9U (COPPER) crates for endcap are
installed (4x each end, 2x each door)

4 new 9U (COPPER) crates for barrel scint
are installed (BF4, BFO, BB4, BBO)

ARICH and TOP FTSW located in 8 crates
(BFO .. BF7) and (BBO .. BB7) respectively

Oho 18



Forward
Endcap (Scintillator) KLM

Forward Endcap KLLM (Oho side —— view toward Oho)

Quadrant EF) Quadrant EF1

s

| SCROD | SCROD
2Ix75 Scind. 2x75 Seint.

1 Motherboard “Maotherboard

123426758 9101112131415161718192021 I23456'.l'H5‘1l]|.1|2:|31-i|3|£1?l3|9"l]21 Quadl‘antEFZ

& Layer1 14 Layer 8 & Layer 14 Layer §
- 7 Layer2 15 Laver 9 7 Layer2 15 Layer ¥ 1
3-4 8 Loyer3 1 -4 16 Layer 10 34 8 Layer 3 1 5-6 16 Layer 10 2 | scrop
FTSW (Ri | 9 Layerd Conclr FTSW (R} 17 Layer 11 ' FISWI(R)f 9 Layerd Conelr FTSW (R}l 17 Layer 11 [ Conclr =
2%75 Scint. 10 Layer 5 18 Layer 12 W Layer 5 18 Layer 12
1 Matherboard 11 Layer & 19 Layer 13 Il Layer & 19 Layer 13 o
! 12 Layer 7 20 Layer 14 12 Layer 7 20 Layer 14 | 2475 Scinl.
) ~| Motherboard
Concir
FISW (1)

1 2 456789 WINIZI3415161T18192021

Quadmllt EF3

I 234353678 91W01I1IZ131415161718192021

6 Layer | 14 Layer 8 & Layer| 14 Layer §
7 Layer2 15 Layer 9 aver e
34 ¥ 1..1:«.\ 1 -6 16 Layer 10 2 34 : :‘:\::f 1 56 }: :-::::—m 2
FTSW(RI | 9 Layer4 Q§ Concic FTEW (R} 17 Layer 11 | Conetr FTaw (R) f§ ¢ La:\(l'-t Conelr FTEW (R) [ 17 Layer 11§ Conctr
10 Layer § 18 Layer 12 10 Layer 5 18 Layer 12
11 Layer & 19 Layer 13 11 Layer & 19 Layer 13
12 Layer 7 20 Layer 14 12 Layer 7 20 Layer 14

Right Endcap Door Left Endcap Door
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Backward
Endcap (Scintillator) KLM

Backward Endcap KLM (Nikko side — view toward Nikko)

Quadrant EB1 Quadrant EBG

c .
| scron | 8¢l
%75 Scint, 2475 Scint.
Motherboard | Motherboard
Con / Conetr IJ|r
FISwW (H)] FISW (1)
> » C
Quadrant EB2

123456789 100111I2131415161718192021 L 2345678 910111215141516 w02 QuadmnlEB3
5 . 6 Layerl 14 Layer § & Layerl 14 Layer 8
| scrop 7 Layerl 15 Layer 7 Layer? 15 Layer ¥ |
-~ -4 8 Layerd 1 -6 16 Layer 10 2 3-4 £ Layer3d 56 16 Layer 10 2 1 scrop
FIsw (Rl 9 Layerd J Conctr  FTSW (R} 17 Layer 11§ Concle FTSW (R} | 9 Layerd ' - FTSW (R} 17 Layer 11 | Concir -+
I Layer s 18 Layer 12 10 Layer s 18 Layer 12
2x75 Scinl. 11 Layer§ 19 Layer 13 11 Layer & 19 Layer 13
“ Matherboard 12 Layer 7 20 Layer 14 12 Layer 7 20 Layer 14 2475 Ecint.
[ Motherboard
o
12345678 9101112131415 16171819202, |
& Layer 1 14 Layer 8 P 23456789 101112131415161718192021
7 LayerZ 15 Layer 9
3 8 Layer3 1 4 16 Layer 10 2 6 Laver 1 14 Layer 8
Frsw (R; fl @ Layerd  Conetr  FTSW (R} 17 Layer 11§ Conctr 7 Lag 15 Layer 9
10 Layer 5 18 Layer 12 3-4 8 Layerd 1 56 16 Layer 16 2
11 Layeré 19 Layer 13 FTSW (Ri | % Layer4 W Conclr FTSW (R} @ 17 Layer 11 | Conclr
12 LayerT 20 Layer 14 10 Layer s 18 Layer 12
11 Layer & 19 Layer 13
12 Layer 7 30 Layer 14

Right Endcap Door Left Endcap Door
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Octant BF3 top (BF4) .

““‘l N

1234567 89101112131415161718192021
13x RPC Layers

BF4

Octant BF4_top

(=

Forward Barrel KLM

Forward Barrel KLM

SCROD
.

2x75 Scint.
[ Motherboard

g
FTSW (R)
D g

1234567 89101112131415161718192021

7 BF3- Layer 0
8 BF3 - Layer |
4 11 BF4 - Layer 0
12 BF4 - Layer 1
FTSW (R)f 15 BF5 - Layer 0
16 BF5 - Layer 1
19 BF6 - Layer
20 BF6 - Layer 1

I Conctr BF3
I Conctr BF4
I Conctr BFS

I Conctr BF6

Octant BF4_bottom (BFS) .

|““‘ N

1234567 89101112131415161718192021
13x RPC Layers

BF5

Octant BF2_left (BF3) ,

BF.

N

“““““““ FTSWm)I

1234567 89101112131415161718192021
13x RPC Layers

Octant BF6_left (BF6) ARICH

) ““‘ N ) |“|‘ N

1234567 89101112131415161718192021
13x RPC Layers

BF

%]

Octant BF2_right (BF2) .

““““l“l“ FTSW(R)I

12345678 9101112131415161718192021
13x RPC Layers

Octant BF6_right (BF7) sgicn

1234567 89101112131415161718192021
13x RPC Layers

Octant BFO_top (BF1)  spicH

‘l“l‘ N

1234567 89101112131415161718192021
13x RPC Layers

B

=
-

Octant BF0_top

FTSW (R) \ “

SCROD

2x75 Scint.
[ Maotherboard

12345678 9101112131415161718192021

~

BF2 - Layer{
BF2 - Layer 1
4 11 BF1 - Layer{
12 BF1 - Layer 1
FTSW (R} @ 15 BF( - Layer 4
16 BF{ - Layer 1
19 BF7 - Layer
20 BF7 - Layer 1

I Conctr BF2

o

I Conctr BF1
I Conctr BFO

I Conctr BF7

Octant BFO_bottom (BF0) spicx

“““ N

123456758 9%101112131415161718192021
13x RPC Layers

B

=
=
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Octant BB3_top (BB4)

““‘l h

TOP

1234567 89101112131415161718192021
13x RPC Layers

TOFP power (+FTSW)

Octant BB4 to

FT:

7

7

Backward Barrel KLM

Backward Barrel KLLM

BB3

SCROD

| 2x75 Scint.
Matherboard

45678 9101112131415161718192021

7 BB3 - Layer(
8 BB3 - Layer |
. 11 BB4 - Layer 0
12 BB4 - Layer 1
FTSW (R}l |5 BBS - Layer 0
16 BBS - Layer 1
19 BB& - Layer 0
20 BB& - Layer 1

I Conctr BB3
I Caonctr BB4
I Caonctr BBS

| Conctr BBG

Octant BB4 bottom (BBS)

““‘ B

TOP

u
SW (R)
123

12345678 9101112131415161718192021
13x RPC Layers

TOP power (+FTSW)

BB

Octant BB2_left (BB3)

|““ N

TOP

=

1234567 89101112131415161718192021

13x RPC Layers

TOP power (+FTSW)

Octant BB6_left (BB6) 1op

“““ll“““ F\TSW(R)I

1234567 89101112131415161718192021
13x RPC Layers

TOP power (+FTSW)

Octant BB2_right (BB2)

T
) ‘lll‘ B

123456738 95101112131415161718192021
13x RPC Layers

oF

=

TOP power (+FTSW)

Octant BB6_right (BB7} 1op

BB

3

|||““‘||““ FTSV\”R)I

12345687 89101112131415161718192021
13x RPC Layers

TOP power (+FTSW)

BB1

7

7

Octant BBO_top (BB1)

““‘l h

1234567 89101112131415161718192021
13x RPC Layers

TOP

TOP power (+FTSW)

Octant BBO_top

d
Hl._| scrop
| 2x75 Scint.
T | Motherboard
FTSW (R)
c

FTSW (R) @ 15 BEO - Layer 0

BBD

1234567 89101112131415161718192021

7 BBZ - Layer{
BB2 - Layer 1
11 BBI1 - Layer 0
12 BBI - Layer 1

I Conctr BB2

e

I Caonctr BB1

16 BB0 - Layer 1 0 Conctr EBO

19 BB7 - Layer 0

20 BB7 - Layer 1 I Conctr BB?

Octant BB0_bottom (BB0) 1gp

““‘ B

12345678 9101112131415161718192021
13x RPC Layers

TOP power (+FTSW) |
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KLM Readout Tasks

SRM firmware lagging (KEK/ITEP)

— Some experience in recent tests at KEK
— Installed modules ready to be read out

Pre-amps, carrier cards produced
(cabling/testing @ Wayne State)

(pre-)Production TARGET7(X) ASIC (Hawaii)
TARGET6 daughtercard (Hawaii)

9U VME version 2 of SRM (Hawaii)
Trigger/fiber merge board (Indiana)
Trigger firmware (Virginia Tech)
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KLM Readout Summary

TARGET6 vs. TARGETX (TARGET7 w/KLM trigger)

— TARGET®6 testing in progress
— TARGET7 just received (January TARGETX submission)

Daughtercards almost same (MC, RHIC same)

Mechanical support/cable strain relief

Could start taking cosmic data (barrel & endcap)
right away

Manpower shortage identified
Production resources needed
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