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WABZ , The NA62 experiment at CERN SPS

Goal: precise measurement of BR(K* = 1 v v)
SM prediction: (0.781 + 0.075 + 0.029) x10™" Veto
Experiment: (1.73"%°_ ) x10™ Photons and Muons

Theoretically clean decay — precise SM test
Hadron Beam

nidentification

750 MHz

[ Iy
/ L 2N : i
e 6% K 3 —— | || ) -
400 GeV/c KTAG
SPS protons GTK 0000w il \HF“ ol
75 GeV/c RICH T LKR MUV
secondary beam \ N 7 STRAW
\ Fiducial Region 65m  Tracker CHOD
Y
Total Length 270m

Main backgrounds:
K> pu'vv (~63%)
K'-n' n° (~22%)—s|LKr(1-8.5 mrad) gets 80% of the photons.
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Hermeticity for photons up to 50 mrad.




The NA48 Liquid Krypton
WAEZQ electromagn%tic ca%?imeter

K'-n"n’ VETO

* 13248 channels.
o« 27 XO.

.Inefficiency: < 10 for E >10 GeV.

*0+ = 800 ps (10 GeV photon).

.2
o 78 _ 328 9% b 0.49%  [B in GeV]

E_ VE E
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NAGZ2 Q The TDAQ System

12 sub-detectors, ~ 80000 channels, 25 GB/s raw data (LKr 22 GB/s)

N
RICH MUV STRAWS LAV
[ | I [ [ 1
| LOTP 1 MHz
1 MHz

GigaEth SWITCH
E pc| pc| [Pl [pc| [Pc| [Pc| IPc

B

1111171103107 11
PC| |PC| |PC]| |PC EE

'y ¥ ¥ ¥ T T 7 ¥ 7 3
I - L0 trigger | Jv' !' !' !- O(KHZ)
| : Er;f:er primitives pcl lecl Ipcl Ipc :> CD-R g

Data. flux |

L0 hardware trigger

... L0=CHOD*RICH

*LKR * LAV * MUV

max output rate 1 MHz
max latency 1 ms

L1 software trigger
(sub-dector level)

max output rate 100 kHz
max total latency 1 s.

L2 software trigger
(event level)
max output rate ~15 kHz

max tot. latency = spill perioc
(~10 9) y pulp
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WNABGZ £, LKr CREAM Readout (414 boards)

1M X 255M x
14bit ADC 256bits 256bits PC Farm
@ 40 MHz
]

)

—3I 5 - ==]

Analog —> || © 5 zero ==

Inputs A v——2 || 5 o | supp )| s

— > o ress - ==

= ==

D).
L1 accept

Lkr LO

Trigger

LO accept
(fixed latency)

— > LO
Other —————= .
Trigger
Inputs —————> &6
Processor
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NAG2 Q The motherboard: TEL62

Update from TELL1, general
urpose data  acquisition

oard developed at EPFL for
Trigger ELectronlcs forﬁNA62 ___the LHCb exp%nment

4 M*F ° 3xcomputational power
meeeE o 20x buffer memory
= ° Higher connectivity

B = Developed ar INFN Pisa:
m== + 9U Eurocard size

B - 4+1 Altera Stratix |l
: ] FPGAs

. 24 input mezzanine cards

* 1 output mezzanine (e.g.
, Ethernet)

PCl bridge to on-board
PC.
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640 Mbps / ch
— 20.5 Gbps
per TEL62

32 ch

AN3LNOJd4

3.7 Gbps / ch

JAV]
HOLVEINIONOD st

3.7 Gpbs / ch

AIAV1
"ONOD @

In the Test Run the system will be
smaller:

LO Trigger

6 FE (inner calorimeter) — 1 concentrator ‘_>Processor



W/'EZQ LKr LO Trigger:
-~ performance requirements in

the worst case scenario

* From simulation:
— max avg instantaneous hit rate = 30 MHz
— 3 times higher in calorimeter center — 90 MHz

* Worst case:
* each hit produces a cluster;
* each cluster is large (256-cells).

Max Peak Rate on each FE FPGA = 4.2 MHz.

Worst-case bandwidth requirement FE —
concentrator:

1.4 Gbps (3.7 Gpbs available)
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MAEZQHTELDES: LKrLO Input DESerializer

Front-é 15t Concentrator 2" Concentrator

o v v
o W © ©
= () v NG v
o = & X & X &
? L] %x 2 %x 2 L
= D = D = 8
@ Ju i F -
W ~- L N AN ~
X 28 X7 X 1
*Developed at INFN Perugia,
deserializes data from LI e ]
Calorimeter Readout Modules.
* 2 TELDES boards per each DS92LV16 & i,
Front-End TELGZ2: deserializers [ v
*32 channels per TELGZ,; o "
-896 total. g""“"“””"' i
. L\éIIDS signals over Ethernet X
cables : »
(640 Mbit/s per channel). eDo?JaSIIiEz%?'g1 g T
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WAEZQE TELDES: Firmware

DS92LV16 (Deserializer)

Serial-to-
Parallel

* 40 MHz 1:16 Derializer

— 640 Mbps.
*Embedded clock _} -
(1 start + 1 stop bits). RIN- ROUT[0:15]
« Deserializer recovers clock  RIN+ -
(ROCR) A abia QROuEs | 4T REN
1 Timing and Control *
* Firmware monitors deserializer ming > LOCK
ock, clock, equalizer rxon signals. K recovery ‘I‘_: E(E;ECK:LK
ROUT 16 PRE-BUFFER 16
aclr - Internal Clock
40 MH
RCLK lock™
MONITOR
FIFO
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WIIEZQ} TELDES: testing

o S e

"CREAM TELDES on TEL62
Data sent from CREAM to TEL62, checking signal lock and data values.
Unshielded cables easily pickup EMI noise — lock loss.

Good quality SFTP Cat. 6 cables are needed for a stable link.
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Front-End 1% Concentrato2™ Concentrator

Internal o (2 & & &
Transmission links 3 |21 B[ [z«
| | &I el 1S 0
24 bit double edge inputs o W 5| |2 |5x S| W =
(48 bits per clock cycle). N g o | |IE]|oF = 8 S
*Serialization over 8 LVDS streams. = [ = S
G AN /\. J
°Clogk trarésmﬁted in parallel over NOT: X7 Y
*66 MHz to 133 MHz input clock
— 3.2 10 6.4 Gbps.
*Optional DC balancing and
pre-emphasis.
TI DS90CR485 TI DS90CR486
—m:m“m RxINO ::D_
S e o
o o [P w0 |
A s T >—1 °
m P R W
| _m_mw a7 — [ FOTER DO




WIIEZQ} The Tx mezzanine

* 2 links, 2 DS90CRA485.

* Stratix Il for chip control, data buffering
and DDR output.

* One external reference clock per each
serializer:
— Latches DDR data at serializer

ﬁ)cks transmission logic in the
Stratlx 1.

E e diagram at 100 MHz (PRBS23)
serla izer |nu

uuuuuuuuuuuuuuuu

DE e e e e

TWEPP 2014 — Aix en Provence TEL62 data



WIIEZQE The Rx mezzanine

* 4 links, 4 DS90CRA486.

* Link quality (BER) dependent on:
— Clock frequency.
— Deskew quality (not constant).

— Cable, connectors, soldering
quality.

* Firmware: s 05 L B :
T CheCkS deSkeW_ —— m i [‘ﬂﬂgzgﬂ!
— Implements ECC.

E%/e dlagram at 100 MHz (PRBSZB)
o t (deserialized data

To PP0O(2) FPGA

To PP1(3) FPGA
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Internal Transmission: firmware
NAG2 {

GPRBS
enerator s
DDR
‘:D_' Registers [~ iNK™
_ / Hamming | |
Jhgger o b PRIt ‘41" |_Encoder’ [7
PRBS
Check
Input -
— — — Hammin :
S ) SN =) DN

3 operational modes:
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a) deskew — at power up / reset;
b) normal — for trigger;
c) Bit Error Rate Test — periodically.



Internal Transmission: firmware
NAG2 {

GPRBS
enerator 748
DDR
Registers |7 N
. Hamming
/ > /|
Jngger ol it o ‘41" |_Encoder [74
PRBS
Check

Input -
_ — Hammin -
LINK |PC FiFo 748 ‘:—> Decoder #D‘_,gg Jger

3 operational modes: a) deskew — at power up / reset;
b) normal — for trigger;

c) Bit Error Rate Test — periodically.
TWEPP 2014 — Aix en Provence



Internal Transmission: firmware
NAG2 {

PRBS
Generator s
DDR
Registers |7 N
Trigger Input Féamr%ing
dats o —{pC EiFo 41 ncoder |7s
PRBS
Check
Input -
—_ — Hammin :
(iNK™ | DC FIFO[ 745 ":—> Decoder —»ﬁ»D‘_,gg jger

3 operational modes:

a) deskew — at power up / reset;

b) normal - for trigger;

c) Bit Error Rate Test — periodically.
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Internal Transmission: firmware
NAG2 {

PRBS

Generator _/F'8

DDR
Registers |7 N
Trigger Input Féamr%ing
dats ™ DC FIFO 41 Nooder 17s

Input -
_ — Hammin -
LINK |PC FiFo 748 ":—> Decoder +>|41 — . Jrigger

3 operational modes: a) deskew — at power up / reset;
b) normal — for trigger;

c) Bit Error Rate Test — periodically.
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Test result:
1) Up to 85 MHz:
BER < 10" (no error)

with no error correction from ECC.

2) At 100 MHz:
BER < 10" (no error)

with single error corrections (~ 10/s)
and no double error detection.

The Test Run in October will start
with 70 MHz.




Test

Patterns
Peak
Finder

| (space, [+| |Peak Logic to SL
= . time, : _ -
l’g : thresho|d) 1S Max Finder '
3< TELDES : : —— :
o2 | Interface |7 | [ Eein :
Q0 : : :
M .

1
~ 40 MHz 4.2 MHz peak rate (worst) 160 MHz



MNAARD A

Device

Timing Models

Logic utilization
Combinational ALUTs
Memory ALUTs
Dedicated logic registers

Total registers

Total pins

Total virtual pins

Total block memory bits

DSP block 18-bit elements

Total PLLs

Total DLLs

FPGA Resources
(Front-End

0 NIOS

EP3SL200F1152C4

Final

22 %

15,313/159,120 ( 10 % )
2,072 /179,560 (3 % )
28,660 /159,120 (18 % )
28660

581/744 (78 % )

0

1,370,266 /9,621,504 (14 % )
0/576 (0% )
2/8(25%)

0/4(0% )

Per each NIOS core:

* 2.5 % logic

* 0.6 % block memory

+ 4 DSP
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U llization

PP)

8 NIOS

EP3SL200F1152C4

Final

42 %

41,085 /159,120 ( 26 % )
2,072 /79560 (3% )
48,579 /159,120 ( 31 % )
48579

581 /744 (78 % )

0

1,840,154 /9,621,504 (19 % )
32 /576 (6% )

2/8(25%)

0/4(0% ) V



CREAM 2|~

_»{CREAM 1|
Waveform ML - | LO Trigger LOTP/Wireshark

calibration signal



NAG2,

ADC sums,

o
o
o

w
o
o
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timestamp = 1806412571
—&— samples
Fit
A Fitmax=732

| Finetime =170

[P T T T
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3 4
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»! 000
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& 900
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" Peak max and fine-time estimation

timestamp = 1806412571
—&— samples

Fit
A Fitmax=474

[ | Finetime = 162

[P T P ST T
0 50 100 15D 200 250

1 2 3 4
Sample no.
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NAGZ2 Test primitives
Q (Wire%hark capture)

Capturing from ethl (on lkrpn2.cern.ch)

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
e AessnwF RIEEB QA #EME B

lexpression... Clear Apply Save

Source Destination Protocol | Info New Column

60 0.000000 10.0.0.10 10.0.0.30 UDP Source port: 54818 Desti

60 0.000006 10.0.0.10 10.0.0.30 UDP Source port: 54818 Desti 2

|il ,,,,,,, I.I
» Frame 1: 60 bytes on wire (480 bits), 60 bytes captured (480 bits)

» Ethernet II, Src: Woonsang 04:05:06 (01:02:03:04:05:06), Dst: de:fa:00:00:00:00 (de:fa:00:
» Internet Protocol Version 4, Src: 10.0.0.10 (10.0.0.10), Dst: 10.0.0.30 (10.0.0.30)

» User Datagram Protocol, Src Port: 54818 (54818), Dst Port: 58914 (58914)

-Data (16 bytes)

|‘I ““““ I LI

0000 de fa 00 00 GO 00 01 02 03 04 05 06 08 00 45 00
0010 00 2c 7e ef 0O 00 ff 11 28 aa Oa OO0 00 Oa Oa 00

0020 00 le ,df, 22,86, 22 08 ef 7e 72 24 10 00
0030 [oRENelY) 2 004_6 00 fb 82 00 00
O ] | Data (data), 16 b)7es ] P&\ckets: 2 Displayed: 2 Marked: I]\ { Profile: Default

finetime position timestamp
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VAGZ A

Finetifhe resolution

2

\
/ \

2 0 5 4 5 8 0 12 14

finetime ch6 - finetime ch4 (1 = 98 ps)
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o

\
A

o
&
Q\(Q_ _hfinetime
&Q, - Entries 128
w0 hean 508
25—
A \(r = 1.7 =166 ps
10:— /
e

o



WVA62

Enerdy Resolution (fit max)
N

2

Q& hfitmax
&Q ] Entries 128
Y

RMS 3.945

Mean 0.08236
12

10

o =47
(peak max ~ 800)

8

6

——

4

2

0 l ] l ] | l | . | | | | | | L | | | | | | | ] ] l
- - 0 10 20 30

max ch6 - max ch 4 (ADC)

1LVVLl 1 LI 1T — M\IA Tl 1 1VVCTIIVGT

W
o
'
)]
o
—_
o



Python-based
Object-Oriented [C]] «——
control system == System layer
User f
/
VHPL —parser Firmware layer
A
> Communication layer
l=tee Developer
Credit Card PC Remote PC(s)
Registers,
Memories,
FIFOs
2" concentrator layer

A J
1% concentrator layer TEL62 mw|w m TELG2

Front-End layer TEL62 TEL62 w w m TELG2




NAG2 {, Conclusions

L KR LO hardware tested and ready for
commissioning.

*‘We have good preliminary estimations of finetime and
energy resolution of the system.

*Test run goals:

— commisioning and test of all detector
components;

— aiming at stable data taking.

~ — |
= \— .
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