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Full Readout Setup

» Expandable up to |6 data sources
» GbE (50MBps) uplink to Event Builders

» TRBv2
4 HPTDC x 32 channels
2Gbps optical link

» Triggering controlled by CTS Addon
Triggered from external source
Multiple trigger inputs gating

Self trigger at specified rate

» Rates in idle state (Ix TRB, IXTDC):
Trigger: 135kHz
Uplink: 25MBps
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Simplified Readout Setup

» 4 HPTDC x 32 channels
» FE (8MBps) uplink to Event Builder —[\
CARIOCA ;
Starws —n chmLUDSV/ HPTOC I —
—1/ . TRBV —E

» Needs external trigger source :

TN

o 4
4 Rates E Signal Generator

Trigger: 160kHz (theoretical) Discriminator

Uplink: 8MBps

Scinfillators



Triggering HPTDC

» External trigger input on TRBv2
»  Signal connected to each TDC on 32nd channel and treated as reference time

» TDC triggered with a configurable delay (0xcO [31;24])

» File configurable parameters

» Asynchronous trigger

Input signal |_|

Reference time |—|

Trigger |—|

Measurement period
Matching window

Time >
» ,,Iriggerless”
Input signal |—| |—|
Reference time ] 1 1
Trigger [ ] [ L

Measurement period
Matching window
Time -




Data Structure

w

’” 5

» ,,Full” setup g g
& 2

»  Collects and encapsulates data on g g

@ @

several levels , A y *

»  Addressing needed
»  Deeper unpacking needed

»  Larger overhead:

> Minimal empty event:

1 40B Queue headers .
0 16B Subevent headers 5
0 12B HUB headers '_E“
0 8B+ 4 (8B + n*8B) TDC headers + data (single edg 2
o 8B + 4 (8B + n*4B) TDC headers + data (pairing mode)
oo = losB Event information Trigger Type 1B | Random Code 1B Event Nr 28
» Addition from CTS ~20B
HUB headers Length 2B HUB Address 2B
. . "
4 ,,Slmpllﬁed setup FEE1 headers Length 2B FEE1 Address 2B
»  Data comes from only one source ] FEE1 daia -
4 Smaller overhead: _
o FEEZ headers Length 28 FEEZ2 Address 2B
> Minimal empty event:
0 8B Endpoint headers FEES data Data rB
0 8B+ 4 (8B + n*8B) TDC headers + data (single edge)
0 8B + 4(8B + n*4B) TDC headers + data (pairing mode)
o

= 48B



TRBvV3 layout proposal

4 Key featu res. Connector: 156 pins + power Connector: 156 pins + power

. QMS-078-09.75-L-D-A QMS-078-09.75-L-D-A
4x Lattice ECP3 70
Ref-Time FPGA FPGA

IX Lattice EC P3 I 50 connect. LFE3-70-8 AddOn-Connector LFE3-70-8
>
4x SFP o e * .
o |
. =20 ] LFE3-150-8 Power converters
2X GbE dUPIeX |InkS P U g much less space compared to TRBv2
3
)
2x TrbNet links - +o;er ce ° &t
. . auxilary FPGA FPGA
4x 156 pin connectors with power supply cmsds BB el
Input lines for TDC-in-FPGA _ TS
Connector: 156 pins + power Connector: 156 pins + power
QMS-078-09.75-L-D-A QMS-078-09.75-L-D-A

Connectors to small Addon Boards

| x regular Addon connector
* Configurable number of TDC channels

e Extendable number of data transmitters
» TDC in FPGA

~ 6ps time resolution
| 7ps in Hi-Res mode by HPTDC



HLD File

Binary file with saved events

» Subevents structure

» Tools:

Daq_anal — decodes data to ASCI|

HYDRA — heavyweight framework for
full unpacking

Unpackers — lightweight ROOT library

unpacker

size: Dx00000020 decoding: O=x00030001 id: Q00010002
date: 2011-03-11 time: 12:14: 55 runNr: Q=05f38&3f
size: Q:00000084 decoding: O=x00020001 id: Q=z00002001
date: 2011-03-11 time: 12:14:55 runNr: B=05f38&3f
size: D:00000064 decoding: O=00020001 id: 0xz00002000
QRECEa8E: [(G=z00042882 G=201c20084 QE=00000000 @=z00000884
QoeEoeala: |0x00000000 [Uz000dffff 0z01c2008d  wx0000E333
QROOEE20: /Ox203cefl Ox3I03cI002 Ox213cP45e Bx3I13c9002
QOOOEA38: [ Bx223c%ea? Ox3I23c9002 O0x233c97cec Bx432038e4
QoEEEa49: « 0x43f84df4 0x53203a346 0x333c9005 | O=z00015555
QOO0Eas5a: Gx00008881

size: Q:000000b4 decoding: O=00020001 id: Q=z00002001
date: 2011-03-11 time: 12:14: 56 runNr: B=05f38&3f
size: 0:000000%4 decoding: O=00020001 id: 0xz00002000

QO30 : Ox000420002 O0x01cadddd4 000000000 000000204
COEEES10: Ox00000000 Ox0019FFfff O0x0lca@dl® Ox0O000000
QE0ERB20: Ox203cacaa 0x303calld2 0x213cal? 0x313cadi2
QREEE330: Ox223cactbh 0x323caldd2 O0x233cab85 Ox43001&fd
COO00840: O0x43e81719 O0x43101716 Ox43fO0L717 Ox43181721
QREEEB5D: Ox53eBl78b 0x43201722 O0Ox53fOL7EF Ox530017ac
QRE229E0: Qx43f84dfa Ox531017a3 0x5318BL79F 0x532017%a
QOEEEBTE: Ox43003537 O0xG3003B9F O0x333cadll Ox0OO1G5ES
GOS80 : 000000831

size: D:QO000088 decoding: 000030001 id: Q00002001
date: 2011-03-11 time: 12:14: 56 runNr: Ox0L5f3B&3T
size: Qx@0000068 decoding: Q2020001 id: [of{ulalelab=tale o]

QoooEeea: Ox00040002 Ox01cbfOR4 OxQOOQOOOE Ox0000QQ04
Qoeoaala: 000000880 Qxz000effff O0x01chb@@8e Ox00002238
QOOREA28: Ox203cheBb Ox303chBB2 Ox213ch3fE Ox313chanz
QoOOEa30: Ox223che3c Ox323chBB2 ©x233chVee  0x43001329
QoO0Ea48: Ox43f24el8 Ox43303534 0x533036f5 0x333chOds
QoO0Ea53: O0x00015555 O0x00008881

segqr:  Qz00000000
expld:
segqNr:  Qz00000001
expld:

trighr: Oz04e3c204

seqNr:  Qz00000002
expld:

trighr: Oz04e3caa7

seqlNr: Q=E0000003
expld:

trighr: Ox@4e3chde



Unpacker

» Independent C++ software

Few source files and MakeFile needed to compile
» Designed as ROOT library to be loaded at startup
» Creates ROOT structures from HLD files

» Current limitations (but not hard to solve!):
Decodes only TDC data from TRBv2 subevents
Can decode data from one endpoint at a time



Unpacker Structure

»

Unpakcer
Prepares ROOT tree
Iterates through all events in the file
Creates and executes HLDEvents
Fills the tree with decoded events

HLDEvent

Contains

Information about event

List of Hits
Filters out event from specified endpoint
Decodes TDS data

Creates Hit objects

Hit
Contains:
TDC number
Channel
Leading time
Trailing time / Width (mode dependent)

Linpacker
! HLDEvent
Event
loop
I TRBvZ2
Y subevent
2
=
[
@
= E—- Hit
w =
o
[}
I_
—m= Hit
Y \J




Running the Unpacker

» Compilation:
Simply make
No other dependencies
Creates libunpacker.so

» Load library to ROOT:

Start ROOT from a directory with rootlogon.c file
gSystem->Load(,,path/to/unpacker/libunpacker.so”);

» Call the Unpacker:

Create an instance of Unpacker
Unpacker(const char® hld, Int_t nEvt, Int_t subEvtld, Int_t refChannel)



Running the unpacker

Ho Old ROOT Object Brawser ¥ & ®
(=1 el I s N

ﬁ EwtHdr @ Hits @Tﬂhiect i errors_per_event i kWaz Channel Mr i ki hlaz hult
t reference Chantel t referenceTime % subBEwtid % totalMHits

ROOF Sessions
ocalitoolsiwvorkdir

E--%testmot




Running the Unpacker

Old ROOT Ohject Browser
Eile  Miew Onptions

¥ @B
Help
[ Hits o =] A = Qo el @l Opion | -]
| &l Folders | Contents of "/ROCT Filestest raotT/event/Hits"
(root i @size i Hits.TOC 3§ Hits.channel 3y Hits fBits 3 Hita.fUniqueID 3 Hits leadTime1
(1PROOF Sessions b Hits leadTime2 g Hits leadTme3 g Hits leadTmed  § HitsnHits % Hits time i Hits time2
(ocalitoolstwarkdir I Hits time3 R Hits timed 3 Hits traiTimel 3y Hits trailTime2 3 Hits traiimes % Hits traiTimes
(IROOT Files I Hitswidth1 g Hitswicth2 R Hitswicth3 3y Hitswicthd 3k Hits width_wk
El--atest.ru:u:ut
=T
Ela event
it !
>
46 Ohijects. Hits




Running the unpacker

\ event.Hits.channel
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