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Introduction K — wvv Experiments

K — mvv
Ultra rare decay P W:;_ 3 s @ 5 s__um__ g
@ FCNC process forbidden at tree-level E'E"z°%<v W};{L‘JJV+<; WAHTLILL(

@ 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~

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

@ Lead to measurement of
Via = 7%

@ New Physics scenario —

E949 10

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

=
£
& ) i VW E731 (eey) :
5 5 AN ;
- 10 :
(SIT1 5 E— VfTeV(YY) ;
S :  KTeVieer) y 3914 first(y)
> 10-7 . .............................. vE39-|a RUn-”(’Y’Y) ........
; % Y E391a final(yy)
108 a finaityy
of . i
10 K — mvv s
10-10 .......... Br{K7y)
10—"%-- SM prediction
1990 020

2
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* — 7'vv History

‘E T
H E
@
-4 4
H
. . . [ E
v Klems,/LBL v 90% CL Upper Limits
v Cable/LBL -
5 v Asano/KEK E787 — E949 3 i E
° 20 F 3
s BNLE787 v upgrades .
'E ) All 15 | 3
c10 ° X £787 v 10 T T A N AT P P
° experiments 50 60 70 80 90 100 110 120 130 140 1(
® 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"
—
£949 Standard Model:
16" BK*™ — 7'vir)=(0.85£0.07)x107"

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

Strategy Tracking PID Vetos TDAQ Performance Summary

Measurement of BR(K — wvD)

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

Missing mass

<
K* ~
- Nv
m?niss = (PK' 7!)2 v

T
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NA62 Strategy Tra g PID Vetos TDAQ Performance Summary

Measurement of BR(K — wvD)

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

Constrained by kinematics Missing mass

fozf- K*orn(y) &

—|:§u1sf— * )
0.16[— . Kn
um;— K ~
0.12f— ) - ‘\\é
01;— - 2 v
008 = m?niss = (PK' 1!) v

B &
0.06— g

E 4 Region Il
0.04—
002] !;\\ oy gy

E K

Ert | e l\l\\v\——x’*"'"”" ,

-0.04 -0.02 o 0.02 0.04 0.06 0.08 0.1 0.12

me,, (GeVic!)
. v

92% of K decays
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

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 Il

B \i*\"‘vvm‘,w’
70y

T T T

) ! T KT
004 002 0 002 004 006 008 01 012
m2,, [GeVirc')

Not constrained by kinematics

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 Tracking PID Vetos TDAQ Performance Summary

Measurement of BR(K — wvD)

Experimental strategy:

Requirements

@ O(10"7 ) K decays @ Systematics < 10%
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

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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Strategy Tra

PID Vetos TDAQ Performance Summary

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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Strategy Tra

PID Vetos TDAQ Performance Summary

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 Tracking PID Vetos TDAQ Performance Summary

Measurement of BR(K — wvD)

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

Constrained by kinematics Not constrained by kinematics
g Eoz} K omnt(y) % K'on'n(y)
Hore- 3
E E — Komvy g
0'5; 102 —)_
0.14— E
012; K 0| 107
PY|= E
E _ 104
0.08— c E
E s E
0.06— 14 10°
E © Region Il E
00‘; —~—] | P 10’“5
002 !‘ \\‘\"% . E
:4,'04 YR Y T T D(',G\;gij,;m’zm e T T T T TR X M X
h 2, [Gevc'] m2,__ [GeV/e')
. v
92% of K decays 8% of K decays /?am
. . . K‘
@ 2 signal regions @ Particle ID ‘\\,
_ . . L
@ Minimize multiple scattering @ Photon vetoes
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Measurement of BR(K — wvD)

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

Background Rejection

@ Main backgrounds:
o K™ — utv, (BR =~ 63%)
o KT — 7% (BR ~ 21%)
@ Rejection ~ 1072
o Kinematics ~ 107°
o Vetoes ~ 107°
o PID~ 5103

o Time K —
e Resolution =~ 100ps

T T

| el I
004 002 |
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Backgrounds (MC)

Decay event/year
K+ — 7w [SM] (flux 4.5 x 101?) 45
Kt — ntq0 5

Kt = pty, 1

Kt = gtgta™ <1
K™ — nmt7 et + other 3 tracks decays <1
K+ — 7t7%(1B) 1.5
Kt — uv,~(IB) 0.5
Kt — %t (u")ve(,) and others <1
Total background <10
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

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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Strategy Tracking PID Vetos TDAQ Performance Summary

[Pr|

e i (1= f5h) +m2 (1= 5s)) — | Picl|Pel2
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger
@ 384 PMs, ~ 4MHz/PM
K @ 50MHz
Filled with Hz or N2
ot < 100ps

Sub-percent m mis-tagging for K
efficiency > 95%
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger Foon - N
@ 384 PMs, ~ 4MHz/PM -
o K @50MHz Jomt
@ Filled with Hz or N2 T b
o oy < 100ps i K
@ Sub-percent m mis-tagging for K ; LI i N TR
efficiency > 95% Pressure (bar
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger

384 PMs, ~ 4MHz/PM NI s
@ K @ 50MHz w 7:;7 sy | :-
@ Filled with Hz or N2 : L T
@ o0; < 100ps .
@ Sub-percent m mis-tagging for K ?{“

S 1.85 5
efficiency > 95% Prossure oar
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2013 prtiminary
@ 384 PMs, ~ 4MHz/PM
K © 50MHz
Filled with Hz or N2

o
o
@ o0 < 100ps
o

4
4

°

o

o.

=
]

0.

Sub-percent m mis-tagging for K .
efficiency > 95% b 20 » Kaon Time t (38

Antonino Sergi Status and prospects of the NA62 experiment



NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2015 prlminary
@ 384 PMs, ~ 4MHz/PM K3 Ay
o 3 I
@ K ©@ 50MHz o8 Ui O 11
. . F A F
@ Filled with Ha or N, e \l{quﬂﬂﬁﬁlﬁﬂiﬁi fiprui
1
@ o, < 100ps o ‘
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% I ER N
GigaTracker: beam tracker @ 750MHz 2nd achromat ’

@ 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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Strategy

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

Antonino Sergi Status and prospects of the NA62 experiment

K @ 50MHz

Filled with Hz or N2

ot < 100ps

Tracking PID

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

2015 Preliminary

Vetos TDAQ Performance Summary

Efficiency

°

- ;W ﬁwiw ]
L ‘Hlﬁjn[w‘wm““{‘q‘l i \M
o A s
‘1 B4 i
[ O T it
o8 ‘1‘ e o
F T e g
ro [ T 1
04 ‘h i s 1]l [

|
20




NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2013 prtiminary
o 384 PMs, ~ 4MHz/PM R —
® K ©50MHz oof hﬁ“u fi ;w
@ Filled with Hy or N2 o M}’JHHH#}HB[}ﬂ{ﬂ[ﬁ#lﬁﬁé ot qﬂ'jﬂ
@ o, < 100ps oo
@ 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

Y (mm)

30
X [mm)

o+ < 200ps/station (test beam)
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2015 preiminary
~ S
@ 384 PMs, ~ 4MHz/PM P e ‘*ﬁm
K © 50MH oo [ AP TEE A1
o z F ﬂl !
I .
. . Foln e o it
@ Filled with Hz or Ny \{qmmm‘[PMHH» i il
i
@ o, < 100ps o ‘
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% b 20 2 Kaon Time t, (38
GigaTracker: beam tracker @ 750MHz Misingchip  rvporores 2016 data

¥ fom)

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

> 99% efficiency

op/p = 0.2%

o9 =~ 16urad

I”u

ot < 200ps/station (test beam)
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2015 prliminary
® 384 PMs, ~ 4MHz/PM e :
[
® K @ 50MHz S
E A
@ Filled with Hz or N2 oo H@HW}gﬂﬁﬂﬁ} et
@ o < 100ps “r ‘
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% I ER N
GigaTracker: beam tracker @ 750MHz 2015 praiminary )
@ Si p-pixel (300umx300pm) . E::‘,;L” :E?:E
@ <3x0.5%X0 (< 1lmm) ol
@ > 99% efficiency [
60007 it
@ 0,/p=0.2%
4000—
@ oy ~ 16urad \
@ o, < 200ps/station (test beam) | J \
L T R I T

0.1 0.15
Mg, [GeVAc?)
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Kaon Tracking

Cedar-KTAG: kaon tagger 2015 prliminary
® 384 PMs, ~ 4MHz/PM e :
[
® K @ 50MHz e
E A
® Filled with Hx or N» o hqﬂﬂmb}ﬁ[]%ﬁ} o
@ o < 100ps “r ‘
@ Sub-percent m mis-tagging for K °'2;
efficiency > 95% I ER N
GigaTracker: beam tracker @ 750MHz 2015 Preliminary )
@ Si p-pixel (300umx300pm) ; \’ 0
@ <3x0.5%X0 (< 1lmm) ol
@ > 99% efficiency [
60007
@ 0,/p=0.2%
4000—
@ oy ~ 16urad ‘
@ o, < 200ps/station (test beam) | ]\
7 ‘-mEA/‘f — 508

01 0.15
Mg, [GeVAc?)
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Strategy Tracking PID Vetos TDAQ Performance Summary

Missing mass

P, P
Miss A M (1 - |‘pK‘|) +m3 (1 - ||p1:||) — | Pk || P |03

Measurements Constraints Results
hits e K
2 2
° N(:eda'r' (] ‘tggk, — t(‘edur‘ < ni gy + gy )
gtk cedar

@ Pytk @ 1! trkgep

@ Pk = Dygik

Antonino Sergi Status and prospects of the NA62 experiment



NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:

@ In vacuum (< 10~%mbar) 0002 T
@ 7168 mylar straws E:"“’“Zz . 55:‘.:23::::2‘2::5

@ ArCO, 70%:30% E: :
@ <4 x0.5%Xo |1 ’

@ 0,/p=0.32% @ 0.008% x p[GeV/c] s .

@ oy < 60urad u'w"é:‘_;j' t
® > 99% hit efficiency e a
@ leakrate < 10~ 'mbar I/s
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:
@ In vacuum (< 10~%mbar)
7168 mylar straws
ArCO2 70%:30%
<4 x0.5%Xp
op/p = 0.32% & 0.008% x p[GeV/c]
op < 60prad
> 99% hit efficiency
leakrate < 10~ 'mbar I/s

®© ©6 6 6 6 0 0
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:
@ In vacuum (< 10~%mbar)
7168 mylar straws
ArCO2 70%:30%
<4 x0.5%Xp
ap/p = 0.32% @ 0.008% x p[GeV/c]
op < 60prad
> 99% hit efficiency
leakrate < 10~ 'mbar I/s
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:

@ In vacuum (< 10~ %mbar) NA62 Preliminary

2015 Data

7168 mylar straws

ArCO2 70%:30%

<4 x0.5%Xp

op/p = 0.32% & 0.008% x p[GeV/c]
og < 60urad

> 99% hit efficiency

leakrate < 10~ 'mbar I/s

g, [GeVAcY]

10?

®© ©6 6 6 6 0 0

10 20 30 40 50 60

RICH: B¢y @ 10MHz
@ Ne @1 atm (= 5%Xo) %
@ 20 mirror segments (=~ 20%Xo) §10"
® 15 < gh- <35 g
(]

eV/e

IR

Contamination of pu < 1% (test
beam) =

HH

©

Level O Trigger wiew X
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:
@ In vacuum (< 10~%mbar)
7168 mylar straws
ArCO2 70%:30%
<4 x0.5%Xp
op/p = 0.32% & 0.008% x p[GeV/c]
op < 60prad
> 99% hit efficiency
leakrate < 10~ 'mbar I/s

®© ©6 6 6 6 0 0

Y
0

H: B¢ @ 10MHz
Ne @ 1 atm (= 5%Xo)
20 mirror segments (= 20%X0)

Pir
15 < GJ//C < 35

Contamination of p < 1% (test
beam)

®© 6 6 ¢

©

Level O Trigger
@ o < 100ps
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:
@ In vacuum (< 10~%mbar)
7168 mylar straws
ArCO2 70%:30%
<4 x0.5%Xp
op/p = 0.32% & 0.008% x p[GeV/c]
op < 60prad
> 99% hit efficiency
leakrate < 10~ 'mbar I/s

®© ©6 6 6 6 0 0

Y
0

H: B¢ @ 10MHz
Ne @ 1 atm (= 5%Xo)
20 mirror segments (= 20%X0)

Pir
15 < GJ//C < 35

Contamination of p < 1% (test
beam)

®© 6 6 ¢

©

Level O Trigger
@ o < 100ps
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

Decay Tracking

Straw spectrometer:
@ In vacuum (< 10~%mbar)
7168 mylar straws
ArCO2 70%:30%
<4 x0.5%Xp
op/p = 0.32% & 0.008% x p[GeV/c]
op < 60prad
> 99% hit efficiency
leakrate < 10~ 'mbar I/s

®© ©6 6 6 6 0 0

RICH: 8,y @ 10MHz g
Ne @ 1 atm (= 5%Xo) é

™

o

@ 20 mirror segments (~ 20%X() o :.’
@ 15 < Bt <35
o

GeV/e 150 >
Contamination of p < 1% (test
beam)

©

Level O Trigger

ITRTE FRERARTN RN RYRNURRTNU RYNEN FNURY NUURA NRSRIAY
° ot < 100])8 010 20 30 40 50 60 70 80 90 100 '

Prack spocsoneier (GEV/C]
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Strategy Tracking PID Vetos TDAQ Performance Summary

Missing mass

P, P
Miss A M (1 - |‘pK‘|) +m3 (1 - ||PI:||) — | Px || Pr |02

Measurements Constraints Results
° Nchelélsl’l‘ o |tgtk - tceda'r' <Ny Jtzgm -+ Ugcedar ° K
o ﬁgtk 5 5 o 1! tl’kgtk
® Pstraw ° ‘trich a tgtk| <124/ Otpien + Tt ° ﬁK = ﬁgtk
@ Tring @ 1! trksiraw
o ﬁvr = Pstraw
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

PID: calorimeters

7/u/e separation (1/p ~ 10°)

CREAM
@ NA48 LKr calorimeter: Catorimeter REAdout Moduie 6U-Single Width VME
=23 | ooR24G8(?)
@ Em/hadronic/mip cluster id (e
@ Very good mip signal b
B S
f w> .
& g Lviggersums - oyersioms i s - 3
B 25T pata Readout_16bE VMEnterface  |~——— 2|3
K ) S — g
H Signal Processing 2
H Tegarsums
e
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

PID: calorimeters

7/u/e separation (1/p ~ 10°)

Entries 2334243

@ NAA48 LKr calorimeter: Mean 03384

RMS 0.3314

@ Em/hadronic/mip cluster id
@ Very good mip signal 10°

J

_.
S
-

10°

o
<

L I
1
Ecluster/Plvack

O
o
n
o
EN
(=]
o
o
[+
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NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

PID: calorimeters

7/u/e separation (1/p ~ 10°)

@ NAA48 LKr calorimeter:

@ Em/hadronic/mip cluster id
@ Very good mip signal

@ MUV1&2: Fe-scintillator:

@ Hadronic/mip cluster id
@ Usable also in the trigger (pion

energy)

Antonino Sergi Status and prospects of the NA62 experiment



NA62 Strategy Tracking PID Vetos TDAQ Performance Summary

PID: calorimeters

7/u/e separation (1/p ~ 10°)

— Muons

@ NA48 LKr calorimeter:
- P
@ Em/hadronic/mip cluster id o

@ Very good mip signal o

@ MUV1&2: Fe-scintillator: w

@ Hadronic/mip cluster id
@ Usable also in the trigger (pion s . e et

energy)
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NA62 Strategy Tra PID Vetos TDAQ Performance Summary

PID: calorimeters

7/u/e separation (1/p ~ 10°)

@ NAA48 LKr calorimeter:

@ Em/hadronic/mip cluster id
@ Very good mip signal

@ MUV1&2: Fe-scintillator:

@ Hadronic/mip cluster id
@ Usable also in the trigger (pion
energy)

@ MUV3: scintillator tiles seen by
two PMs
@ Fast muon counter, ineffciency
<%
@ Used in the LO trigger

Antonino Sergi Status and prospects of the NA62 experiment
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PID: calorimeters

7/u/e separation (1/p ~ 10°)

16t Oct 2014

@ NAA48 LKr calorimeter:

@ Em/hadronic/mip cluster id
@ Very good mip signal

@ MUV1&2: Fe-scintillator: %: o

@ Hadronic/mip cluster id
@ Usable also in the trigger (pion

energy)

Vertical
£

@ MUV3: scintillator tiles seen by Horizontal
two PMs
@ Fast muon counter, ineffciency
<%
@ Used in the LO trigger
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Extracting the signal

Missing mass

2 2 | Pr| _ Pkl
Mopiss ~ Mk ( [Pr| 1 | Pr |PK||P ‘07\'K
Measurements Constraints Results
hits K
@ N, _ 2 2 ]
cedar (] |tgtk tceda'r' < ni Utgtk + Utcedar
o ﬁgtk o 1! tl’kgtk
o |t'rich tlc| < n2 + U D =
o g ty —
@ Dstraw ® Pg = Pgtk
) ) . 2 2 @ 1! trk
° Tring o ‘tlkv‘ - t'r‘u:h,‘ <ns O-tlk‘r + O-tr‘ich N straw
[+ ] E — J P ﬁtruw
U o Elk'r‘/|pst'r'aur‘ < i ——
° E'm'ul)
U . 2 2
O [t — trenl < ma\Jo?, . 402,
L Em,uv/'ﬁs‘tru,w > g
4
Antonino Sergi Status and prospects of the NA62 experiment
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Photon Vetoes

KT — 7779 rejection O(10%)

@ LAV: =8 to 50 mrad:

@ 12 stations (11 able to operate
in a vacuum of 10~%mbar)

o Inefficiency < 104 for
E- > 200MeV

Antonino Sergi Status and prospects of the NA62 experiment
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Photon Vetoes

KT — 7779 rejection O(10%)

3¢ (rad) upstream cluster in LAV |

dPhi vs StD for fixed up:

@ LAV: =8 to 50 mrad:

@ 12 stations (11 able to operate
in a vacuum of 10~%mbar)

o Inefficiency < 104 for
E, > 200MeV

dPhiVsStDownUp1
Entries 6743941
98 10°

Station of downstream cluster

NA62 experiment
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Photon Vetoes

KT — 7779 rejection O(10%)

@ LAV: =8 to 50 mrad:

E
@ 12 stations (11 able to operate £
in a vacuum of 10~%mbar) 3

o Inefficiency < 104 for "

E+ > 200MeV

@ LKr: =1 to 8 mrad
10

o Inefficiency < 1075 for
E > 10GeV (NAA48 data)

-100 i

Lol e }
100 50 0 50
Xeiuster (MM]
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Photon Vetoes

KT — 7779 rejection O(10%)

@ LAV: =8 to 50 mrad:

@ 12 stations (11 able to operate
in a vacuum of 10~%mbar)

o Inefficiency < 104 for
E, > 200MeV

@ LKr: =1 to 8 mrad

o Inefficiency < 1075 for
E > 10GeV (NAA48 data)

@ IRC+SAC: <1 mrad 2500f- ——
P zis
@ Shashlyk (1.5mm/1.5mm, 2000 Consant 2435353
1.2mm fibres) Soma_2sips0001
o |Inefficiency < 104 500}
o E > 5GeV ol
500
= | - L L
-10 [ 10 20 30 40
At[ns]
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Photon Vetoes

KT — 7779 rejection O(10%)

@ LAV: =8 to 50 mrad:

@ 12 stations (11 able to operate
in a vacuum of 10~%mbar)

o Inefficiency < 104 for
E- > 200MeV

@ LKr: =1 to 8 mrad

o Inefficiency < 1075 for
E > 10GeV (NAA48 data)
@ IRC+SAC: <1 mrad

@ Shashlyk (1.5mm/1.5mm,
1.2mm fibres)

o |Inefficiency < 104

o E > 5GeV
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Extracting the signal

Missing mass

2 ~ 02 | Px| 2 _ |Pk]|
mmiSSNmK(1 Pel) 4m2 (1 1P

) = 1Picl|Pel62

Measurements Constraints Results
hits o K
o N °
cedar @ |trich — tgtk] < Moy /a?mh + U?gtk |
o ﬁgtk o 1! tl’kgtk
-, . 2 2 5 _ =
Q@ Dstraw o |tlk'r t'r‘zch' < ns O-tllcr + Utrich @ Py = Pgtk
— |
o Tring o Elkr/|pstraw‘ < a1 o 1! trkstraw
@ F 2 2 e P = J551&7"0.11)
thr ° |tmuv - t'rich| < MNay/og o + Otrich
@ Enuw — @ No vy
o Emuv/|pst'raw| > a2 _—
L E"(Veto 5 >
L ‘tA/Vcto - t'ri(:h,‘ < ns O—t'yVef,o + O-triuh
o Ev\/et() < as MIP
4
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Charged Vetoes

CHOD: detect photonuclear interactions in RICH
@ 10MHz

NA48

Provisional

BC408 + PMs

oy = 200ps

o
o
o
o

CHANTI: veto inelastic interactions in III I I I
GTK3 - .

@ 2MHz p halo + inelastic
interactions (O(10~%)) o — “I\l \l I
@ WLS fibers + SiPMs I

@ =~ 7-15 pe/MIP

@ o0 < 2ns

Beam particle
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Charged Vetoes

CHOD: detect photonuclear interactions in RICH
@ 10MHz

NA48

Provisional

BC408 + PMs

oy = 200ps

o
o
o
o

CHANTI: veto inelastic interactions in
GTK3

@ 2MHz p halo + inelastic
interactions (O(107%))

@ WLS fibers + SiPMs
@ =~ 7-15 pe/MIP

@ o0 < 2ns
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Charged Vetoes

CHOD: detect photonuclear interactions in RICH
@ 10MHz

NA48

Provisional

BC408 + PMs

oy = 200ps

o
o
o
o

CHANTI: veto inelastic interactions in
GTK3

@ 2MHz p halo + inelastic
interactions (O(107%))

@ WLS fibers + SiPMs
@ =~ 7-15 pe/MIP

@ o0 < 2ns

y =2
b | ST
21 P S pL U
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Extracting the signal

Missing mass

2 ~ 2 1P| 2 _ 1Pk]
m2 e > mic (1= fpef) +m2 (1- 15

) = 1Picl|Pel62

Measurements Constraints Results
hits o K
o N, °
cedar 2 2
o |t'~/Veto - trich‘ < Ms54/0% +oi,
. ~yVeto rich Y 1| t k
@ Dtk P trkgek
@ E veto < az MIP = R
N ~vyVeto 3 _
@ Dstraw ® Pg = Pgtk
— . 2 2
") Tring o ‘tchod t'ru:h‘ <ns Jtchod + O-t,,.,i(:h o 1! trkstraw
@ Eigr o Nilis=1 @ Pr = Pstraw
) ; [ o 2 @ No ~
Emuv L ‘tc}m,nti - tr'i(:h| < e O’td“m” + Ut'ri(:h /
@ E veto NP @ No had-int
MIP ° Nchanti =0
@ Nivoa® o
chod
MIPs
° Nchanti
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Integrated Trigger and DAQ

@ High trigger efficiency (> 95%) @ Level 0:
@ 10MHz — 1MHz
@ FPGA based, Ims

@ Fully digital after FE max latency
@ Digital primitives

m @ w— from fast detectors
1 ota @ 1MHz — 100kHz

@ Low random veto (< 1%)

- m
mle-n?;[?m @ PC based, few ms
‘ latency
@ Data from all
- detectors but LKr
[ GbE switch |
T 3133333333 TT T34 @ Level 2:
N
E@@ @EEE E@EEE 11;327 @ 100kHz — 10kHz
[ B @ M Event @ PC based, few ms
| W latency

@ All data used
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Expected composition and intensity
Tail (small) of the undecayed beam in acceptance

Residual muon halo from muon scraper

Found beam intensity fluctuations beyond NA62 design
specifications

Antonino Sergi Status and prospects of the NA62 experiment
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o Expected composition and intensity
@ Tail (small) of the undecayed beam in acceptance
@ Residual muon halo from muon scraper

@ Found beam intensity fluctuations beyond NA62 design
specifications

o 2 3 0 B - 7
Time (5]

Expected spill

Antonino Sergi Status and prospects of the NA62 experiment
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o Expected composition and intensity
@ Tail (small) of the undecayed beam in acceptance
@ Residual muon halo from muon scraper

@ Found beam intensity fluctuations beyond NA62 design
specifications

50 100 150 200 250 300 S 0
iz

A bad spill FFT
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Expected composition and intensity
Tail (small) of the undecayed beam in acceptance

Residual muon halo from muon scraper

Found beam intensity fluctuations beyond NA62 design
specifications

SPS Splll time proﬁle (measured with the NA62 charged hodoscope)

g 8 i
T[T T[T TTT]TTT

Signal rate (KHz)

Time (s)

Few weeks ago
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Single track events in 2015 data

g f NA62 Preliminary -
o 2015 Data @§'
E :
[ 10°
0.05—
r 102
B 102
o
~0.05- sol AT + - 10
L T K* NAB62 Preliminary
i 2015 Data
0505030 40 50 60 70 80 90 100 ' Obg a0 e o a0 0 a0 a0
P [GeV/c] P.. [GeV/c]
@ Single tracks with 5ns time
resolution @ Population seen by the RICH
@ Tracks matched to @ RICH performance close to

downstream detectors design
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Single track events in 2015 data

NA62 Preliminary

2015 Data

o
o

50.1

o
o

m2,, [GeV2ic’]
g
Pion efficiency

o
3

——

0.0!

&

o
>

T[T T[T [T T [T T [ T I T [T T

o
n

=)
I
»

o
o
w

IA62 Preliminary

4

2015 Data

REARE!
e .

-0.05

o
9

o

[ FURTN REUEE RETE FENTN PR P PR ARV R
10 20 30 40 50 60 70 80 90 10()1 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
P [GeV/c] Muon efficiency

@ Single tracks with 5ns time @ Population seen by the RICH
resolution @ RICH performance close to

@ Tracks matched to design
downstream detectors
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Single track events in 2015 data

:% K"_’f_:‘ NA62 Preliminary 10° :; NA62 Preliminary
oL 2015 Data € 2015 Data
€ [ € [
[ L 102
0.05- 10° 0.05-
E K*—n*n® [
o K'—sptv U
[ 10 r 10
—0.057 —0.05}
o4 TR P o - i 1
0 40 50 60 70 80 90 100 : 10 20 30 40 50 60 70 80 90 100
P, [GeV/c] P.. [GeV/c]
e With K ID e With 'K ID
o K —»uv, K — Y, @ Beam particles and beam
K — nrm pion decays
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Single track events in 2015 data

80—

_ x10®
< PR]
T o it & NA62 Preliminary
T E imil Data without GigaTracke
Sosors NABZPreliminary | " Bt &roof o
= E ted P_ resoluti G100
2015 Data expectad o resalution o F K* = '
ted P_ resoluti [
Speted s resouion 2 | Kdecay /
<
2
8
H
w

-3
=3
T

o s 4O K o pty K* o nl*v

‘ [ 20 \ Kt - 3n
10 20 30 40 50 [
P, [GeVic] r l
[ { . T N

. . . 0.1 -0.05 0 0.05
@ Essential contribution of the

GigaTracker e O(10%) kinematic
@ Resolution close to design suppression factor (still
improving)

0.1
m,., [GeV/c]

@ Photon rejection and
PID being studied
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Example of control samples

Missing Mass squared Spetrum

@ Selected from minbias using

E -e-Data
onIy LKr Preliminary Ei:::ﬁx«
K" - p'ndv
o Useful to measure B - ey

efficiencies, PID ..

Missing Mass squared Spetrum

-
22000
20000 Preliminary
18000
18000
002 0 002 005005008 01
14000 M. [GeVred]
12000F
"N = T i |
10000 :3 900 E e E
8000[- >800F  Preliminary [T
6000 S.700;- E
8 F E
4000 S 600 3
2000 g 500 E
) ‘ £ 400f E
& 0.1 5 8 F E
My [GeV77c'] 300F E
2005 3
100F 3
05 0 0.05

0.
(P ~Pro-Po) GeV %t
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Further Kaon Physics Opportunities

Decay Physics Present limit NA62 potential
KT —ntufe LFV 1.3 x 10711 0.7 x 10712
Kt - atpet LFV 5.2 x 10710 0.7 x 10712
K+ — rptet LNV 5.0 x 10710 0.7 x 10712
Kt — 1 etet LNV 6.4 x 10710 2 x 10712
K+ — mptpt LNV 1L1x 1079 0.4 x 10712
Kt — pigetet LNV/LFV 2% 1078 4x 10712
Kt = e goptut LNV No data 10-12
K+¥ =7ty New particle 5.9x 1071, Mo =0 10~
Kt = 1tyx New particle No data 10-12
Kt — rfate i, AS # AQ 1.2 x 1078 10711
Kt > atntu o, AS # AQ 3.0 x 1076 10~1
Kt =7ty Angular momentum 2.3 x 107 10712
KY — utop, v — vy Heavy neutrino Limits up to M,, = 350 MeV/c?

Ry LU (2.488 £ 0.010) x 109 > 2 better
Kt — mhyy XPT < 500 events 10 x 10°
Kt — 7970t XPT 66000 events 0(109)
Kt — a7ty XpPT no observation yet 0(10%)
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Dark photon

’ €2 ] KLOE
+ = N"‘N\I\PN“ Q)
K - N
10° <
m* >
@ Irreducible background from 10° |
70 dalitz h N
o NA48/2 constraints exclude
dark photon explanation of 107 NAde/2 |
the (g — 2),, discrepancy 10 102

) m,, (MeV/c?)
o NA62 could improve

statistics and resolution @ Recently published in PLB

746 (2015) 178-185
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Heavy neutrino

FNA62 {\ == Data
F [ Kty
r K Satao™®
1UG§ l \ =;e:: h“:lo
E [ IK*—ptv
10°;
. . 10‘;
@ Ongoing analysis on c
NA62RK(2007) data o
0

@ The new detector can do
. . -0.08-0.06-0.04-0.02 0 002004006008 0.1
better, both in resolution Mz, (1), (GeVic??

nd hermetici . .
and hermeticity o K — pv selection with

@ Ongoing analysis on 2015 NA62 detector
data
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Heavy neutrino

/ \ 2015 Preliminary

2

2
L S

—

—

. . 10° r \\
@ Ongoing analysis on w el
NA62RK(2007) data 10 '1
@ The new detector can do L T T e
better, both in resolution or e 008, o e

and hermeticity o K — uv selection on 2015

@ Ongoing analysis on 2015 data

data @ =~ 2 orders of magnitude

better
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107

1072

10

1078

gy [GeV]

107% E

107k E

107 - -
10° 10° 107!

mg [GeV] my [GeV]

@ Toy MC for 1 day or 1 @ Potentially competitive at
month low cost

o 1 day already taken in 2015 @ Ongoing analysis
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NA62 construction completed
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Timeline

@ Beam line, detectors, trigger and DAQ fully commissioned

@ NAG62 data taking periods:
o 2014: detector commissioning
e 2015: trigger commissioning, detector quality studies, beam
line commissioning up to nominal intensity
e 2016:high level trigger commissioning (done), full beam tracker
commissioning (done), physics (ongoing)
o Data samples for analysis:
e 2015: Low intensity data with minimum bias trigger for
detector quality studies (this talk)
e 2016: K™ — mTvw data (up to 30% of nominal intensity), not
K+t — ntvw data (up to 30% of nominal intensity)
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@ Time resolution: close to the design

@ Kinematics: Resolution close to the design. Prospects to reach the designed
signal-background separation.

@ Pion/muon ID: Separation with RICH close to expectations. Study of the

separation with calorimeters on going. Results from simple cut analysis

promising.

Photon veto: O(108) 70 rejection already obtained. Statistically limited. 2016

already enough to address the 108 rejection level (analysis ongoing).

Stable data taking since beginning of August at 20-30% of nominal intensity

LO K+ — wtuw trigger: hits in RICH & CHOD, !muons, E(LKr) <20 GeV

L1 Kt — 7tuw trigger: KTAG, LAV, Straw (P < 50 GeV/c)

Data type (simultaneously): Kt — 7+ uw (no downscaling), di-lepton,

minimum bias

@ Average rate at LO (25% of nominal beam intensity): 500 kHz

Average rate after L1 (25% of nominal beam intensity): 60 kHz

@ Online 7170 reduction factor (K+ — 7+ uw trigger): 6 (room for
improvements X 2 at least)
@ Online muon reduction factor (Kt — 7 uv trigger): O(100)

@ Data collected so far: K+ — nuw sensitivitiy below 10° (assuming 0(10%)
signal acceptance)
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Summary

o Construction was completed for 2015 run

@ Commissioning in 2015 and 2016

@ We are learning how to exploit the new detector to its full
potential

@ Analysis ongoing

@ Once NAG62 is able to measure K — wvv ...

@ ... the road is open for a number of other studies (in parallel

of after LS2):
o New particles
o Radiative decays
o Lepton Universality
o Semi-leptonic decays and form factors
o Already some good prospect with 2015 data

@ We expect to reach the SM sensitivity this year

Antonino Sergi Status and prospects of the NA62 experiment
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