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Introduction K — wvv Experiments

K — mvo

Ultra rare deca 3 i s W 3 5__ G 3
y 5 ot :; W}LLJJ;VJ' wh w-
@ FCNC process forbidden at tree-level z°%<v 5 N

@ Very clean theoretical prediction:
hadronic matrix element extracted from BR(K — wev)

@ Golden modes:
BRsy from CKM  from theory

K —m%w (243 +0.39 +0.06) 107"
KT = 7ntvw (781 +0.75 +0.29) 10~
5 T

@ Current existing measurement
based on 7 events (E787/949):
(1782107

@ Lead to measurement of
Via = 7%

@ New Physics scenario —

E949 10

IS

10'° x BR(K, — 70vD)

10%° x BR(K* — 7twi)
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Introduction K — wvv Experiments

K — mvv and New Physics

General model with new flavour structure: LHS2, Cyan: 5TeV. Biue: 10TeV. Puple: 30TeV
Z gauge boson mediating FCNC at tree level .
[A. Buras, F. De Fazio, J. Girrbach, JHEP 1302 %20
(2013) 116] S
§10
K sensitive to mass scales beyond those E

5 10 15 20
B(K*=x*vy) [107"]

explored by LHC (MZ > 5 TeV/c2)

-+ More specific NP models
| Littlest Higgs with T-parity
.I Acta Phys. Polonica B41(2010)657
..+ Custodial Randall-Sundrum
.. JHEP 0903 (2009) 108

ace o

o X107 2x10% 3x107 4x10

Started to‘ Be‘ probed at LHC, small effects in B physics

Best probe of MSSM non-MFV [JHEP 0608 (2006) 064] s X ol
@ E.g. non-MFV in up-squarks trilinear terms s ,'{“
e e
@ Still not excluded by the recent LHCb data 3
Z
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Introduction K — 7wvv  Experiments

K — mvv foreseen experiments

Expt Primary beam Intensity SM Start date Total
(ppp) evts/yr + runyrs SM evts
NA62 SPS 400 GeV 3+10" 45 2015+2 100
E14(KoTO) JPARC-130 GeV 2+ 10" 1-2 2013+3 3-7
E14 JPARC-II 30 GeV 3+ 10 30 2020437 100
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Introduction K — 7wvv  Experiments

K — mvv foreseen experiments

=
£
o i Y ET3T(eey)
o3 ¥ E799(cey)
S g5 E b
_110
Q\g 108 —_ 5
) ' T KTeVieen) g £3914 firstiyy)
> 10-7 ............... .............................. v E39Ta Run-li(yy) "
108
oF .. i
10 K — wvv
10-10 .......... /,’/‘[/\'/ )
10—"%-- SM prediction

2020
Published year
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Introduction K — 7wvv  Experiments

K — mvv foreseen experiments

Expt Primary beam Intensity SM Start date Total
(ppp) evts/yr  + runyrs SM evts
NA62 SPS 400 GeV 3+10" 45 2015+2 100
E14(KoTO) JPARC-130 GeV 24+ 10" 1-2 2013+3 3-7
E14 JPARC-II 30 GeV 3+ 10 30 2020437 100

Csl calorimeter

20m

[ e
30 GeV Collimator ‘ -
proton

Operating w/ HINEMOS ~ BCV
vacuum ~10- Pa v v
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Introduction K — 7wvv  Experiments

K — mvv foreseen experiments

Expt Primary beam Intensity SM Start date Total
(ppp) evts/yr + runyrs SM evts
NA62 SPS 400 GeV 3+10" 45 2015+2 100
E14(KoTO) JPARC-130 GeV 24+ 10" 1-2 2013+3 3-7
E14 JPARC-II 30 GeV 3+ 10 30 2020437 100
M2, N
cosf=1-— m : \\
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Introduction K — 7wvv  Experiments

K — mvv foreseen experiments

+ +., = :
K" — 77vv History ¢ ™
= ' 1 l & E
‘zmﬁs v Klems/LBL v 90% CL Upper Limits
» ¥ Cable/LBL 3
o v Asano/KEK E787 = E949 2
i BNLE787 ¥ upgrades 2: 3 . ]
< 5| E
S All
= N E787 v 1 L 1 1 1 1 1 1 1
2 experiments 105050 70 80 90 100 110 120 130 140 15(
® used E787 v Energy (MeV)
0° . stopped 1
" kaons. £787 £9497 |E787/E949 Final: 7 events observed
15" Standard Model F7‘q7{ { { BK™ —> 77vi) =173 x107"
£9%9 Standard Model:
6" B(K™ = z'vi7)=(0.85£0.07)x107"°

I
1970 1975 1980 1985 1990 1995 2000 2005 2010
Year of Publication
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Measurement at 10% (& SM prediction accuracy), 100 SM events
Missing mass

<
/?e’(n
K o

N>

m?niss = (PK' 7!)2 v

v
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NA62

Strategy TDAQ

Measurement of BR(K — wvD)

Measurement at 10% (& SM prediction accuracy), 100 SM events

Constrained by kinematics
fozf- K'on'n(y)
—|.Zo18—
0.6
014
012; )
PY|=
0.08— =
E S
0.06— g
E @ Region
0.04F-
= g | I 0
0.021— 2 VV (x10%
E e— b b
| — = L !‘\\4\ \\'\’7‘(4“""‘

| |
004 002 0 002 004 006 008

1 0.12
m2,, [GeViic')

Missing mass

<
eK
K* ~
L N
2 v
m?niss = (PK' ) v

T

92% of K decays
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Measurement at 10% (& SM prediction accuracy), 100 SM events

Constrained by kinematics

oz K'on'n(y)
~|.Z0.18]
016

0.14]

Region |

Region Il

] Ko
|

ol L L \\'\77‘( bt
-0.04  -0.02 0 0.02 0.04 0.06 0.08 01 0.12
M2, [GeVirc)

T T T

Not constrained by kinematics

s

:

K'on'n(y)

Koy
\\\

AL B AR AL SLALL R R R AL

0.1 0.12
e, (Geviic')

92% of K decays

8% of K decays
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Experimental strategy:
Requirements J

@ O(10"7 ) K decays @ Systematics < 10%
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Experimental strategy:

Requirements

@ O(10"7 ) K decays @ Systematics < 10%

Dream
@ K momentum
@ 7 momentum
© No other particle
@ No interaction
Q 1day
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Experimental strategy:

Requirements

@ O(10"7 ) K decays

@ Systematics < 10%

Dream
@ K momentum
@ 7 momentum
© No other particle
@ No interaction
Q 1day

Concept
O KID & px
Q 71D & px
@ Veto efficiency

© Low mass
detectors

@ High intensity
beam
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Experimental strategy:

Requirements

@ O(10"7 ) K decays

@ Systematics < 10%

Dream
@ K momentum
@ 7 momentum
© No other particle
@ No interaction
Q 1day

Concept
O KID & px
Q 71D & px
@ Veto efficiency

© Low mass
detectors

@ High intensity
beam

Real World

@ Efficiency,
Resolution

Acceptance,
Purity

(2]
@ High momentum
()

Gigatracker and
Spectrometer in
vacuum

@ Time resolution
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NA62 Strategy TDAQ

Measurement of BR(K — wvD)

Measurement at 10% (& SM prediction accuracy), 100 SM events

Constrained by kinematics

oz K'on'n(y)
~|.Z0.18]
016

0.14]

Region |

Region Il

T T T

] Ko
|

ol L L \\'\77‘( bt
-0.04  -0.02 0 0.02 0.04 0.06 0.08 01 0.12
M2, [GeVirc)

Not constrained by kinematics

s

:

K'on'n(y)

Koy
\\\;

AL B AR AL SLALL R R R AL

1
-0.04 -0.02 ] 0.02 0.04 0.06 0.08 0.1 0.12
e, (Geviic')

92% of K decays
@ 2 signal regions
@ Minimize multiple scattering
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8% of K decays

@ Particle ID ’\N
@ Photon vetoes




Strategy T

Measurement of BR

Measurement at 10% (& SM prediction accuracy), 100 SM events

) Background Rejection
gl o2

—|:§u 18|

@ Main backgrounds:
o K™ — utv, (BR =~ 63%)
o KT — 7% (BR ~ 21%)
@ Rejection ~ 1072
o Kinematics ~ 107°

o Vetoes ~ 107°
o PID~510"3

o Time K —
e Resolution =~ 100ps

0.16|

0.14]

0.12|

01

0.08|

0.06|

0.04]

(AAANRLA AR R RN LA RR A LA RaRN L

0.02F

004 -0.02
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NA62 Strategy TDAQ

NA62: beam and experiment layout

State of the art detectors for new precision frontier down to 10712
@ SPS primary protons @ 400 GeV/c

@ Unseparated secondary charged beam
75 GeV/c (AP/P =~ 1%)

@ p/n/K (positron free, K ~ 6%, p ~ 23%)

o
@ Area @ beam tracker 16 cm? @ Integrated average rate @ beam tracker 750 MHz
o

Kaon decays/year 4.8 x 10%2

LAV:
Large Angle Photon Veto SAV
Small Angle g Veto
Vacuum Tank
CHOD
a S
T : Charged
arge Part\cle
TRIELL i
/ CEDAR RN “m ”HHW
i | [—— P
/ o LU0yl J I
Beam Pipe Messwetcon, : RICH LKr MUV
«Angles Y Straw
*Momentum Decay Region 65m Tracker

Pilot Run in 2014 and physics data taking in 2015-2018
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NA62 Strategy TDAQ

Integrated Trigger and DAQ

@ High trigger efficiency (> 95%)
@ Low random veto (< 1%)
@ Fully digital after FE

WE@F—

ﬂﬁTRAWS LKrh v, Ly,
30k

LOTS °"“"

Antonino Sergi NAG62 readout

@ Level 0:

@ 10MHz — 1MHz

@ FPGA based, 1ms
max latency

@ Digital primitives
from fast detectors

@ Level 1:

@ 1MHz — 100kHz

@ PC based, few ms
latency

@ Data from all
detectors but LKr

@ Level 2:
@ 100kHz — 10kHz
@ PC based, few ms

latency
@ All data used




NA62 Strategy TDAQ

Clock and LO Trigger distribution

@ Clock:

@ 40MHz (LHC standard)
@ QPLL on each RO device

o Jitter << 100 ps TEL62
e LTU: Triggers
@ LTU (Local Trigger Unit); refit CHOKE/
from ALICE ERROR
@ Receives synchronization TTC
signals and triggers Clock
@ Encodes and dispatch them to LTu
+
TTCEx TTCex
@ TTCEx:
40 MHz
@ CERN development clock
@ Encoder laser transmitter LOTP ’ source

@ 10 optical output

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

DAQ

Common to most of the
detectors:

@ Time measurement

@ Time-Over-Threshold
measurement for time walk
corrections

o FE provides LVDS signals

o TDC daughter board
(128ch)

@ TEL62 hosts 4 TDC boards

Detectors with special solutions:
o Gigatracker (too high rate) TEL62 refit of TELL1(LHCb)
o LKr (too much data)

e Straw (cheaper solution)

Antonino Sergi NAG62 readout




NA62 Strategy TDAQ

LO Trigger processor

Input:
@ 8 GbE
@ Digital trigger primitives (up to
13.3MHz)
@ Synchronization signals
Processing:
@ Up to 16 trigger masks
@ Control trigger
@ Pseudo-random
@ Programmable latency (up to few
ms)
@ 8 programmable time windows
Output:
@ Up to 1IMHz
@ 75 ns dead time (from TTC)
@ Trigger decision data to pcfarm
@ Finetime down to 100 ps

Antonino Sergi NAG62 readout

Firmware diagram



NA62 Strategy TDAQ

Data and LO Trigger flow

'\na og Etherngf
Trigger primifives

LO trigger on optica fibre to LOTP

crang e

nggu pmmhm

LO frigger on optical ﬂbne

'\n‘v og Ethernef
Trigger primifives

L0 trigger on opiicalfibre Yo LOTP

M@

NAG62 readout

aiqy
budo
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Strategy TDAQ

@ Developed in Pisa (from TELL1) @ 4 PP-FPGA:
@ 8x processing poweri,20x memory o Stratix Il
buﬂ,‘er e DDR2 (2 GB)
@ Processing 1 daughter card data each
@ 0O(100) installed o Digital LO trigger primitives generation
@ 1 SL-FPGA:
@ Stratix Il

@ Merging data from PPs
@ Synchronization and trigger interface
@ Event building

@ Output:

@ Custom GbE card
@ 4x1 GbE links
@ Choke/Error lines (backpressure)

@ Control:

@ CreditCard PC
e 12C, JTAG, ECS via PCI
@ TTCRx (Clock and LO Trigger input)

Antonino Sergi NAG62 readout




Strategy TDAQ

@ Developed in Pisa (from TELL1) @ 4 PP-FPGA:
@ 8x processing poweri,20x memory o Stratix Il
buﬂ,‘er e DDR2 (2 GB)
@ Processing 1 daughter card data each
@ 0(100) installed o Digital LO trigger primitives generation
@ 1 SL-FPGA:
@ Stratix Il

@ Merging data from PPs
@ Synchronization and trigger interface
@ Event building

@ Output:

@ Custom GbE card
@ 4x1 GbE links
@ Choke/Error lines (backpressure)

@ Control:

@ CreditCard PC
e 12C, JTAG, ECS via PCI
@ TTCRx (Clock and LO Trigger input)
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Strategy TDAQ

@ Developed in Pisa (from TELL1) @ 4 PP-FPGA:
@ 8x processing poweri,20x memory o Stratix Il
buﬂ,‘er e DDR2 (2 GB)
@ Processing 1 daughter card data each
@ 0O(100) installed o Digital LO trigger primitives generation
@ 1 SL-FPGA:
@ Stratix Il

@ Merging data from PPs
@ Synchronization and trigger interface
@ Event building

@ Output:

@ Custom GbE card
@ 4x1 GbE links
@ Choke/Error lines (backpressure)

@ Control:

@ CreditCard PC
e 12C, JTAG, ECS via PCI
@ TTCRx (Clock and LO Trigger input)
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NA62 Strategy TDAQ

TEL62 Firmware

B - accessible from CCPC

MoN = monitored FIFO

TDC

\

‘ Data coming from 4 TDCs are collected and merged

Courtesy of B. Angelucci

Antonino Sergi NA62 readou



NA62 Strategy TDAQ

TEL62 Firmware

B - accessible from CCPC

MoN = monitored FIFO

TDC

Data are organized on the fly in the DDR2 buffer
Each page is related to a well defined 25 ns time slot
Link with DDR2 at 160MHz x 256bit = 41Gb/s

Courtesy of B. Angelucci

Antonino Sergi NA62 readou



NA62 Strategy TDAQ

TEL62 Firmware

B - accessible from CCPC

MoN = monitored FIFO

A copy of the data flow is used for trigger primitives generation

Courtesy of B. Angelucci

Antonino Sergi NA62 readou



NA62 Strategy TDAQ

TEL62 Firmware

B - accessible from CCPC

MoN = monitored FIFO

TDC

After a LO request (mean rate 1 MHz) a programmable

number of 25 ns slots is extracted from DDR2 and sent
to the SL-FPGA

Courtesy of B. Angelucci

Antonino Sergi NA62 readou




NA62 Strategy TDAQ

TEL62 Firmware

woN = monitored FIFO
A Choke generator

TTC interface decodes trigger information and
sends itto PP-FPGAs

Courtesy of B. Angelucci
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NA62 Strategy TDAQ

TEL62 Firmware

woN = monitored FIFO
A Choke generator

PP

PP data are merged, pre-processed and synchronized
Data formatted in Multi Event Packet are stored into the QDR

Courtesy of B. Angelucci
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NA62 Strategy TDAQ

TEL62 Firmware

woN = monitored FIFO
A Choke generator

QbR
Event
=2
bit
Ea o
PP =
- ol
PR =
MON. MEP TX hdr nz(n
4

Crx

UDP packets are built and sent through the 4 links of GBE

Courtesy
of B. Angelucci

Antonino Sergi NA62 readou



NA62 Strategy TDAQ

Calorimeter ReadOut and LO Trigger

@ Calorimeter REAdout Module
(CREAM):
@ Outsourced to CAEN

32 analog inputs Ar]{glﬁg
14 bits 4OMS/S flash ADC channels

10 ms circular buffer
16 channels sums to LO
primitive generation 40 MHz
@ 1MHz (LO trigger) data LKr read-out
storage up to 10 s (CREAM)
@ Data requested at L1

@ LO Trigger primitives:

@ TEL62 based (TELDES Primitives
mezzanines) I iggss

@ Parabolic fit of digital sums _
(16Ch) L1 Triggers:

@ Funneling and merging
@ Total energy, cluster counting

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

Calorimeter ReadOut and LO Trigger

@ Calorimeter REAdout Module o e
(CREAM):
@ Outsourced to CAEN ] A N
@ 32 analog inputs i I =
o 14 bits 40MS/s flash ADC —_
@ 10 ms circular buffer ] 1‘
@ 16 channels sums to LO 1 g‘_)
primitive generation o ———
@ 1MHz (LO trigger) data ]
storage up to 10 s ] Z
@ Data requested at L1
T
@ LO Trigger primitives:
@ TEL62 based (TELDES ! )
mezzanines) N
@ Parabolic fit of digital sums
(16¢h)
@ Funneling and merging
@ Total energy, cluster counting

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

GigaTracker ReadOut

@ Exposed to ~ 1GHz of particles @ TDCpix:
@ 1 MHz LO requirement @ CERN development

@ 12mm x 20 mm (1800
@ Several ms max latency channels)

@ Time over threshodl
,,,,,,,, discriminator

il i @ 100 ps LSB TDC

@ Links:

@ 4 x 6 Gb/s serial links
@ 200 m

@ ReadOut board:

@ Developed in Ferrara
@ Stratix IV
e 2 x DDR2

13.63 mm

20.37 mm

<«~— 674mm

Antonino Sergi NA62 readout



NA62 Strategy TDAQ

GigaTracker ReadOut

@ Exposed to ~ 1GHz of particles @ TDCpix:
@ 1 MHz LO requirement @ CERN development

@ 12mm x 20 mm (1800
@ Several ms max latency channels)

@ Time over threshodl|
discriminator
@ 100 ps LSB TDC

@ Links:

@ 4 x 6 Gb/s serial links
@ 200 m

@ ReadOut board:

@ Developed in Ferrara
@ Stratix IV
e 2 x DDR2

Antonino Sergi NA62 readout



NA62 TDAQ

GigaTracker ReadOut

Strategy

@ Exposed to ~ 1GHz of particles
@ 1 MHz LO requirement

@ Several ms max latency

Cache
DPRAMs
Derandomizer 72bil FIFO for igger
FIFOy
DeSerializer output maiched data
- spe AUTERA i ppran
High' ' [ 36bit GbEthernet ==
my performance controller  ¢=|
controller Il

t 8

Latency buffer READ
sequencer

it g5
Latency buffer WRITE
sequencer

High speed data
links from the
GTK-RO ASIC
(2[t04 ports)

RX DeSerializer
Derandomizer
FIFOs

A0 GhEhernet
controller

£

performance 5 ¢ “output 36bit
288bit  controller I~ DPRAM

FIFO for trigger

matched data

Cache 72bif

Tofrom DPRAMs

GTK-RO ASIC
—
™

p ECMEDORZDIRON]
q GTK Timing signals

Antonino Sergi

Courtesy A. Cotta Ramusino

Interface

GEPHY

GE PHY

@ TDCpix:

@ CERN development
@ 12mm x 20 mm (1800
channels)

- @ Time over threshodl

discriminator
@ 100 ps LSB TDC

D—» @ Links:

drigger quaifier
On board.

L0 Trigger

TTC  NA62dlock

@ 4 x 6 Gb/s serial links
@ 200 m

L0 trigger backpressure

@ Developed in Ferrara
@ Stratix IV
o 2 x DDR2




NA62 Strategy TDAQ

STRAW Spectrometer ReadOut

FrontEnd:
@ CERN development
Based on CARIOCA
Part of the gas manifold
16 channnels
FPGA-based TDC (0.23 ns LSB)
@ Cyclone Il

Straw Readout Board (SRB):
@ CERN development

16 high speed serial links to
FrontEnd

®© © 66 ¢

@ Cyclone V

@ 2 ms circular buffer (QDR)
@ 2 x GbE output

@ Controlled via VME SBC

SRB (9U VME)
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NA62 Strategy TDAQ

Summary

@ NAG62 construction was completed for 2015 run

@ We are learning how to exploit the new detector to its full
potential
e Trigger and DAQ
o Designed for:

@ 10 MHz (events) triggerless data input rate

o High latency for LO trigger decision (up to few ms)
e 1 MHz LO trigger

o Less than 1073 untagged inefficiency

o Not working at peak performance yet (= 50%)
e Improving

e Data taking is currently ongoing
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Spares

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

@ 384 PMs, ~ 4MHz/PM
K @ 50MHz
@ Filled with Hz or N2
@ o0 < 100ps
o

Sub-percent m mis-tagging for K
efficiency > 95%

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

© 384 PMs, ~ 4MHz/PM o nom

@ K @ 50MHz ;é : o o=

@ Filled with Ha or N2 F - P

@ o+ < 100ps v K E

@ Sub-percent m mis-tagging for K IR . N SRR
efficiency > 95% Pressure [bar]

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

§ o « Nfold 24 -
g E w « Nfold 25
@ 384 PMs, ~ 4MHz/PM 8o i " oasr
3k A Niold = 8
@ K @ 50MHz [ R R
@ Filled with Hy or Ny N .
mﬁE B K R o
@ oy < 100ps b T
_ _ f‘%ﬂ%ﬁ ARG T 13
@ Sub-percent ™ mis-tagging for K il R

Pressure [bar]

efficiency > 95%
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NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

@ 384 PMs, ~ 4MHz/PM i Iy
E T
@ K © 50MHz oor “1“
I .
L I i
. . Colad i o
@ Filled with Hz or N2 oL h\qpmmm{Wx} s
1
@ o, < 100ps o ‘
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% b 20 % Kaon Time (30

Antonino Sergi NA62 readout



NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger
© 384 PMs, ~ 4MHz/PM L e

T hini| i
i ﬂh‘mlhuuu[‘n Sy
1

K ©@ 50MHz 08 Ux X
Filled with Ha or Na oo ‘
o < 100ps “r ‘

02|

Sub-percent m mis-tagging for K .
efficiency > 95% e %
GigaTracker: beam tracker @ 750MHz 2nd achromat

4 [
Kaon Time 1, [ns]

@ Si p-pixel (300umx300um)
<3 x0.5%Xo (< 1mm)
> 99% efficiency

op/p = 0.2% 6TK2
o9 =~ 16urad

ot < 200ps/station (test beam)
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NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

@ 384 PMs, ~ 4MHz/PM é T by
© 50MH \Hwﬁﬁ'w‘mﬂ‘]““[p1 Sl
@ K © 50MHz oo i -
b L
L 1 K E
. . Ol pben o i
@ Filled with Hz or Na Hﬁlﬂmﬂm‘xMﬁlﬂmﬁrnﬂ i
1
@ o < 100ps “r ‘ I
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% e %

GigaTracker: beam tracker @ 750MHz
@ Si p-pixel (300umx300um)

< 3x0.5%X0 (< lmm)

> 99% efficiency

op/p = 0.2%

o9 =~ 16urad

ot < 200ps/station (test beam)

Antonino Sergi NAG62 readout



NA62 Strategy TDAQ

Kaon Tracking

Cedar-KTAG: kaon tagger

@ 384 PMs, ~ 4MHz/PM g ‘:’ e
K @ 50MHz o Jr{ L {
Filled with Ha or No s ﬂ{ﬂﬂ}ﬂ{#}ﬂg}#[{ﬂ[ﬁ#llfﬁz e gﬁp

o1 < 100ps

Sub-percent m mis-tagging for K
efficiency > 95%
GigaTracker: beam tracker @ 750MHz

@ Si p-pixel (300umx300pm)
<3 x0.5%Xo (< 1mm)

> 99% efficiency

op/p = 0.2%

o9 =~ 16urad

30
X [mm)

o+ < 200ps/station (test beam)
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NA62 Stra

Kaon Tracking

Cedar-KTAG: kaon tagger
@ 384 PMs, ~ 4MHz/PM

Efficiency

mﬁgﬁégﬁ
r Hﬂ*u ity T k.

K © 50MH ool LT u
o z [ ﬂl ! !
1 1
L t ok .
. . O O 5 AL O |
@ Filled with Hz or N2 F ‘{‘QPHHHW[Wq' i qqlﬂq‘
@ o < 100ps “r ‘
. . 0.27
@ Sub-percent m mis-tagging for K b
‘ ;

efficiency > 95% s 20 2 SR )
GigaTracker: beam tracker @ 750MHz .

=

@ Si p-pixel (300umx300um)
<3 x0.5%Xo (< 1mm)

> 99% efficiency

op/p = 0.2%

o9 =~ 16urad

ot < 200ps/station (test beam)
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NA62 Stra

Kaon Tracking

Cedar-KTAG: kaon tagger

© 384 PMs, ~ 4MHz/PM P s el
* T et ‘*‘41
o K © 50MHz S e ik
@ Filled with Hy or N oot Iyt b iy il
illed wit 2 Oor N2 r MluwmIu]llﬂn’l %lm
® oy < 100ps "
@ Sub-percent m mis-tagging for K °'2—
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