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The NA62 experiment

Fixed target experiment: precision kaon physics @Cern SPS
Ultra rare K decays Kr*—a*vv

How rare isit2 1in 10'°-10'"" particle decays
Aim to get O(100) events in 2-3 years
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The NA62 experiment

Fixed target experiment: precision kaon physics @Cern SPS
Ultra rare K decays Kr*—a*vv

How rare isit2 1in 10'°-10'"" particle decays
Aim to get O(100) events in 2-3 years

ECAL Spectrometer ECAL
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Praobc s and arrival time
35— 9em — It sees the whole beam!

GTK measures initial state kinematics



The NA62 experiment

Ultra rare K decays Kr*—a*vv

Aim to get O(100) events in 2-3 years

ECAL

Fixed target experiment: precision kaon physics @Cern SPS

How rare isit2 1in 10'°-10'"" particle decays

Spectrometer ECAL
Large Angle Veto —— pT O P— g LKrIRC-SAC
K mu um & ol
e e n WL L JRICH ol Veto
Beam rate 800 MHz - 1 GHz
1.3 MHz/mm?2 B
Radiation 1074 1MeV eq n/cm?/y
GTK1 GTK3 :
<| Efficiency 99%
60]75 GTK2 Momentum resolution 0.2%
mm |GeV/c
\/ Angular resolution 16 prad
- - < . Hit time resolution 200ps RMS
13.2m 9.6m
Material Budget 3 X 0.5%Xo
Detector size 60mm X 27mm




Sensor-Chip Assembly

. |
i

Ogum

Jm' B> Sensor [FBK,CIS]
Both p-in-n/n-in-p
Bias: 300 - 600 V
Thickness: 200 um

MPV Charge per MIP: 2.4 {C
2 Bump-bonding Sn-PB [IZM]

2 10 TDCPix chips/station: 130
nm CMOS [IBM] thinned at

2 Detector replaced every
100 days of beam

57 B (radiation)
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2z Design by Cern PH-EFE

-1800 pixels (40col x 45pix)

-each pixel (300 x 300) um?
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The Front End Chip - TDCPix

2z Design by Cern PH-EFE:
-1800 pixels (40col x 45pix)

-each pixel (300 x 300) um?

-separate analog-digital: no high
freq clock to pixels

A A

Pixel Array

13.63 mm

P Pixels integrate:
-amplifier (70mV/fC, 5ns peak. time)
-discriminator
-DAC threshold trim

-configuration register

20.37 mm

>

<« 6.74 mm

% © = PLLand Serializers = Interlock
_...'.‘ S T VM_HW P T aaaa |




The Front End Chip - TDCPix

2z Design by Cern PH-EFE:
-1800 pixels (40col x 45pix)

-each pixel (300 x 300) um?

-separate analog-digital: no high
freq clock to pixels

A A

Pixel Array

13.63 mm

P Pixels integrate:
-amplifier (70mV/fC, 5ns peak. time)
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-DAC threshold trim
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2End of column (EoC) integrates:
-fime-to-digital converters (TDC)
-data serializers

<« 6.74 mm



The Front End Chip - TDCPix

2z Design by Cern PH-EFE:
-1800 pixels (40col x 45pix)

-each pixel (300 x 300) um?

-separate analog-digital: no high
freq clock to pixels

A A

Pixel Array

13.63 mm

P Pixels integrate:
-amplifier (70mV/fC, 5ns peak. time)
-discriminator
-DAC threshold trim

-configuration register

20.37 mm

>

2End of column (EoC) integrates:
-fime-to-digital converters (TDC)
-data serializers

<« 6.74 mm

ZPower consumption: ~3.5W, mostly
EoC



TDCPix End of Columns

A A IR T T T T . . . )
<-—— 12mm —— | 2 Signals from 5 non adjacent pixels in
e acolumn are sent to a multiplexer

1 (HitArbiter)
i
= & PEach HitArbiter has a TDC pair
© 5 measuring leading and frailing edges

- & — 360 TDC pair/chip

£ 18

M~ T

& 1 .

3 | 2TDC have 100 ps bins

ik
x ﬂiéig‘
&2 2 Self tfriggered operation:
= | | 1| rate 210 MHits/s
=Yl =Ylal=Vlata{lallattallattaitattattallaltaltaltalal
< felleyelistayclstaicelacheaictotalts
{d hip RO U-ﬁﬂerﬂﬁi ] uarter Chip RO artérl:hi‘ RO M
l S =% B Data sent out using four 3.2 Gb/s
Bandgaps PLL and Serializers Interlock . .
vy 16 and poner s I serializers




Microchannel cooling

2Physics performance requires to minimize the material budget
zDetectoris in vacuum
2Need to dissipate ~35 W/station

Micro-channel cooling matches the constrains:
zdesigned by Cern PH-DT group
zsilicon-silicon assembly, (200 x 70) ym?2 channels

zlow material budget: 130 um of silicon (< 0.15% Xo)

' 200x 70 pm

y hi ’ v
=
2 — - — + S =
R L
% I : “_
3 i .' 4 iy A
»,
.
-
-
-

Courtesy: A. Mapelli



Mechanical integration

2 Detector glued on 130 um
Silicon Cooling Plate

Sensor
TDCPix  TDCPIix

Cooling Plate

fluidic inlets

distribution manifolds
280 pm deep

microchannels

200 x 70 pm
pitch 400 pm



Mechanical integration

2 Detector glued on 130 um
Silicon Cooling Plate

2 Cooling plate is clomped
onto PCB



Mechanical integration

2 Detector glued on 130 um
Silicon Cooling Plate

2 Cooling plate is clomped
onto PCB

2 PCB is glued into frame
and flange




Mechanical integration

2 Detector glued on 130 um
Silicon Cooling Plate

2 Cooling plate is clomped
onto PCB

2 PCB is glued into frame
and flange

2 Flange closes the vacuum
vessel




Electrical integration

2TDCPix wired bonded to
PCB: dense wire-bonding = =
scheme (73 um pitch on e S
chip)

2PCB routes power, clock,
control and signal lines
to/from the off-detector
electronics

zComplex PCB:
- 14 layers

- 40 differential 3.2 Gb/s
signals over 30 cm




Data acquisition- GTK-RO

2TDCPix sends out every hit: trigger matching needed
2 GTK-RO built using FPGA (Altera Stratix GX110)

2Each GTK-RO made of two decked cards: daughter card
handles intferface with TTC

2Each TDCPix is connected to one DAQ board (GTK-RO)
through 4 opfical links (one per TDCPix 3.2 Gb/s serializer) +
1configuration link. Transmission is data driven




Data acquisition- GTK-RO

2 GTK-RO board must

& puffer data, waiting for level-0 trigger decision
(max level-0 trigger latency is 1T ms)

& retrieve data in a 75 ns time window upon each trigger
request, and send them to the subdetector PC using UDP

Cache

~ DPRAMs .
Der;rﬁl:(())nsnzer 72bit FIFO for trigger
Rx DeSerializer [[-——n = — . Y m— . output matched data GbE PHY
36bit, U High 2OSRUEDPRAM: bt > GbEthernet ==
e controller
40b:1E —— PG ETES 40bit &=
] controller 11 . .
] l! rigoer ﬂuahﬁer
speed data ﬁ 4bit @ ﬁ ﬁ 4bit : Onboard ™1 4 Trigger
11 s from the Interface
GTK RO ASIC Latency buffer WRITE Latency buffer READ {—] to TTC <YA02 clock
sequencer sequencer {Z::) ]
2{to 4 ports) L0 trigger backpressure
II J4b' @ @ \ 4bit  FIFO for LO trigger tinfstamps & qualifiers
ALTERA .
:%H‘ j‘> High 4Obl>t GbEthernet
36bit performance ;¢ output 36bit controller <=
R 288bit  controller II DPRAM A GbE PHY
DeSerializer “——— FIFO for trigger
Derandomizer 79bi matched data
FIFOs Cache !

To/from DPRAMs
GTK-RO ASIC
—
Tx
Q GTK Timing signals
mm GTK configuration / status information
Courtesy A. Cotta Ramusino

Rx/Tx




Data acquisition- GTK-RO

2 GTK-RO board must

& puffer data, waiting for level-0 trigger decision
(max level-0 frigger latency is 1T ms)

& retrieve data in a /75 ns time window upon each trigger
request, and send them to the subdetector PC using UDP

Slow Control x10 1x1 GbE

Fast Data x10 Switch 1x10 GbE Sub-detector
PC

1x10 GbE

PC Farm



Data acquisition- Detector PC

2 Assemble data from several GTK-ROs and send it to the online
farm

2 Plain linux distribution as O.S. with “zero copy” module of
PF_RING to reduce memory to memory copy.

ZMultiple threads to handle the amount of data (worst case ~82
MB/s from each chip+protocol overhead)

Changesin 2016

2Spikes in instantaneous beam intensity — use 2 PCs/station

2 Possibility to become L1-detector: GTK data not used for first sw
trigger — readout GTK only in response to L1 friggers



2 All stations + infrastructure installed and commissioned in 2015

2GTK cooled at 0 °C (2 g/s of CsFr14at 3 bar), thresholds set to 0.7
fC, bias voltage ~300V

2time resolution = 215 ps @ 300V
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NA62 signal and background

. 2
2Signal: m,;.

ZBackground:

:(PK_Pft)z

a) K" decay modes

) accidental single track matched with K-like one
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Trigger and Data Acquisition (TDAQ)

: m m %mMH L0 hw
MUV STRAWS | LKR synchronous level.
T I—I_— T T‘ T 10 MHZz to 1T MHz
Max latency 1T ms
1 MHz
— o LOTP 17 L1: sw level.
“Single detector”.

100 kHz v

V1MHz V
1 1

1 MHz to 100 kHz.
Max latency O 15s)

GigaEth SWITCH

I 1 1

J

vz || vz || v || e || oz || oz || o !:2: sw level.
Pc [ Pc || Pc || PC PC [| PC PC [ Complete
I f ¥ ¥ f M v information”.

ey L1 trigger

—p Trigger primitives

il

Max latency
O(30s)



Time-over-threshold - Time-walk correction

Peaking Time =5 ns

Time walk correction takes
advantage of the relation
between time walk and
time-over-threshold.

V. :
__ _Threshold +P---- @D
Essential to meet the hit time
Pre-Am - ; . .
Output | Time Walk resolution requirement
— e ! '>— !
1 I R '
. Time Over Threshold : Walk Time vs Time-over-Threshold (100 x 100 ps bins)
' 58000
(D)Et%rlij?inator : E ET1 ETZ . E 6000
: . Leading" : "Tralllng" §

4000—

2000 |-y u's ==

OfF—=

-2000 —

- B 1 1 1 1 1 1 1 1 1 | = 1 1 1 1 1 1
40%%00 10000 12000 14000 16000 18000
Time-over-Threshold (ps)




Microfabrication of the cooling plates

SiI WAFER

PLASMA ETCHING OF CHANNELS & MANIFOLDS

-

BONDING OF SiI COVER

~Courtesy: A. Mapelli

PLASMA ETCHING OF FLUIDIC INLETS

2z Design by CERN PH_DT
W/ET ETCHING OF ACCEPTANCE ?FO brlCO-l-ed by CEA_Le-I-I
on 8" wafers

METALLIZATION AROUND INLETS



