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NAG2 ()

Raons have been very important in high-energy physics

James Cronin (left)

CP violation e

- | NA/8 simultaneous and collinear K5 and K; beams |ﬁ

SPS spill length : 2.38 s

1

H H _;l- “yele time : 144 s i t to scale !
Va I FItC h ( rl g ht) g. Prolo(r; m(ljmcnluml ?1:5[) GeVic Kgs Ksa?:;z;;“er e b
] Target l !
. . H ' I Ks i
*Nobel price in 1980 for the K, Targe

in the decays of neutral K-mesons

Measuring €'/e: NA48@CERN

CP violation in neutral kaon decays

Ks and K, beams are distinguished by proton tagging upstream of the Kg target

Rare Kaon Decays:
Kt —>ntvv:NA62 at CERN
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CERN
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& _ R NAG2
"~ Physics Motivation & Strategy -

 While the energy frontier is limited by the reach of the Large
Hadron Collider (LHC) in terms of centre-of-mass energy, no such
limitation exists in principle for rare decays, making them a highly
valued complementary approach in the search for new phenomena.

* The choice of the decay-in-flight technique is motivated by the
possibility of obtaining an integrated flux of O(1013) kaon decays

over a few years of data-taking. CERN SPS is a unique tool for this
task
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MIEZQ
he K — vy decays: a theoretical clean environment

FCNC loop processes: s—d coupling and highest CKM suppression
arXiv:2109.11032v6

[hep-ph] 1 Jun 2022 S_uct d

AJB-21-7
TUM-HEP-1364/21

Searching for New Physics in Rare K and B Decays
without |V| and |V,,| Uncertainties

Andrzej J. Buras®® and Elena Venturini®

“TUM Institute for Advanced Study, Lichtenbergstr. 2a, D-85747 Garching, Germany
bPhysik Department, TU Miinchen, James-Franck-Strafe, D-85748 Garching, Germany

Very clean theoretically: Short distance contribution. No hadronic uncertainties

 Recent most accurate estimate of the branching ratio:

* Bsm(K* = T+ vv ) = (8.60 = 0.42) x 10
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VA62 A

— vy Priorto NAG62 decays at rest E787/E949

_I E949 detector side view (upper half)

Veto — BNL E787/E949: K™ — mtvi with decays-at-rest
BVL R
Stack %45 E‘Mhisanalyf787/Eg49 ‘ » Artamonov AV, et al. (E949 Collab.)
Endeap C a0 [ &R0 — 1  Phys. Rev. Lett. 101:191802 (2008)
ol - conar " a6 |2 Smiaion 1 1> Adler S, et al. [E949 and E787],
ot =—-]1 N {  Phys. Rev. D 77:052003 (2008)
uv o/ e DRV b [T - 1 » Separated beam
ok I full KTt 57t > pt — et
E949 detector : e 1 decay chain
4|end view (upper half) i e S i small acceptance

= i iy 1056760 70 80 90 100 110 120 130 140 150

Energy (MeV) » SES =~ SM

B(KT — ntvi)grs7 /mog = (17.37132) x 10711,

Pt 1l sunl APS Panofsky Prize 2011: A.J. Steward Smith, Douglas Bryman

Drift Ghamber g€t Range and Laurence Littenberg
Veto Stack
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VA62 A

The NAG2 Collaboration

*Birmingham

*Bristol

*Glasgow

Liverpool
TRIUMF 50020 Mainz | | Procue |
uBC 3 MPI =

CERN ,* Bucharest 2005 Proposal
EPFL ', ‘& X '

“Ferrara . Almaty 2009 Approved

i P——. Marseille

"LNF 2010 Technical design
-Naple§

g 2012 Technical run
romel (partial layout
Turin 2014 Pilot Run

2015-18  Physics Runs
2021-2025 Physics Runs
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CERN Accelerators

(not to scale)

The Beam

e Given: proton beam from SPS
with the energy 400 GeV
2x1012 p/s

* By optimisation K+ ratio,
momentum separation and
acceptance we get:

Secondary beam
Beryllium * p=75 GeVic

Target Ap/p~1%
K(6%),m(70%) p(23%)
Total: ~800 MHz —

Beam size: 6.0x3cm Pedros o Gran Saseo ()

00 =
5 i LHC: Large Hadron Collider
300 g SPS: Super Proton Synchrotron
0 E AD: Antiproton Decelerator
200 s ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (T)
PSB: Proton Synchrotron Booster 730 km
-5 PS: Proton Synchrotron
100 LINAC: LINear ACcelerator
-10 LEIR: Low Energy Ion Ring Rudalf. LEY, 1S Division, CERN, 02.09.96
CNGS: Cern Neutrinos to Gran Sasso e I e R ET 8

DANIELSSONTANSCOCTOBER ¥202%

X [mml



GTK

K—mTvy

The Experimental Layout

VA62 A

Mag?2 Mag3
GTK1 GTK3
Pr
GTK2 Py ‘/g'n )

- - SR

Mag1 Mag4
* Vertex
* Matching

Signal in LKr and MUV
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Missing mass plot and signal region

Hadron Beam
800 MHz

Veto
Photons and Muons

1 Identification

P
/ W |_I m'
GTK s
I ! | Tt '55 et .
o ceoAr .;e:‘eKW 0N g ‘. I
o R RICH LKR MUV

Y STRAW
Decay Region 65m \(ler

[
Total Length 270m \

+ -
K" >n*n*n

Arbitrary Units

PRI N R I NN 1l |
-0.15 -0. -0. 0.1 0.15
2 2,4
m2.. GeV‘/c
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nAG2

The Experiment in the ECN3 Hall

eDifferent types of
detectors in NAG2:
e Tracking and PID:
oKTAG, GTK, Straw i
Spectrometer, T
CHOD, RICH 4
e \/eto detectors:
eMUV, LKR, LAV,
SAC, IRC

DANIELSSON HANS, OCTOBER 9 2023 1



VA62 A

AG62 and the “in-fligt” Technique

:z B ‘ Control data
K — v i ; w
0.k B =, 01— ~— — T Region
PK gl vt St « [ :
\ P\, e . 10°

\ 0.05

nt*n®Region - -
0
utv Region - -

_______ - Signal Region 2 (R2)

............ mZSignaI Region 1 (R1)

TWO SIGNAL REGIONS

K" >n*n®
~0.05 10

II|III|||!|I:II|I

+ + - r
K —>n*n*n _0'b

10 20 30 40 50 6

Arbitrary Units

70 80 90 100
[ [GeV/c]

/

mZ s = mZ ;. (Straw, GTK) = (P,+ — Pg+)?, m_+ hypothesis

L Region|
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1 1 1 1
0.05

1 1 |
0.1 0.15
2 2;.4
m3,.s GeV</c
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o _ NAG2
\O_I:UGIAL FOR EFFICIENT K+ - J-c+ matChlng -

DATA TAKING AND KTAG — GigaTracker — RICH time matching - Kaon decay time (tgecay)
MINIMISE BACKGROUND

GigaTracker — Straw Spectrometer spatial matching (CDA)
CDA=“CLOSEST DISTANCE  3.5% (<1%) K* mis-tag if K* track (not) present, dependent on beam intensity

OF APPROAGH™ """ 759 K* reconstruction and ID efficiency

K* - ntn*tmn " control data

+ ot —
103 K _—) T~ control data <10°
%‘1200 B —e— K' (data) 1:?4500 —e— K" (data)
S o= 110 ps - S:::'gel;:?tlicle (data) E4000 o= 1' 4 mm — Q:g::e;;?tlicle (data)
S ; N
~
= B Z
800 — = 3000
i 2500
600 - 2000
400 L 1500
i 1000
200 —
i 500
O_Jlllllllllllk 0: PRI RO TRUN SO TP Sorom voes a1
-06 -04 -0.2 0 0.2 04 0.6 0 5 10 15 20 25 30 35 40
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@ Scheme for & vv selectlon NAGZ Q)

CHOD 1. i id Kipt
CHANTI: Charged Anti Counter LAV: Large Angle Veto magnet
RICH MUV123:
/o - )3“ . I Muton Veto
tm Gigatracker / T T 11 P 11 I |
J/ vaeurm 1 0N A
- =m— = ﬁ. asms asaciy = e 5 ' [ —
& KTAG VA 1 T |
target = g F A )
IRC
| | \ I L. I
om 50m 100m 150m | 200m ) 260m
pr ) b Straw chambers '
LAV: Large Angle Veto

spectrometer

At least one track in Glgatracker :

° Qne res:onstructed trac1.< in th.e Straw (m* :crack) matched in space and time with the *  [process Branching ratio
e Signal in RICH compatible with only 1 n track (K* track) and compatible with o
hypothesis the beam parameters (75 GeV/c) Ki—n'n 02066
o Signal in Calorimeters (CHOD, LKr, MUV1,23) o No extra activity in CHANTI K=y, 0.6356
compatible with only 1 n* hypothesis compatible with a MIP signal K-t 0.0558
@ No clusters in LKr compatible with y hypothesis o Signal in KTAG compatible with a K K'—m'me v, 4.3x10°
o Nosignals in LAVs, IRC, SAC compatible with y hypothesis K*—m*vv (SM) 8.4x10 1
hypotesis o Zvertex in the first 60 m of the decay
volume
15<P_,<35GeV/c “




@ NAG2 {,
Background suppression

* @100ps Timing between sub-detectors
« @104 Background suppression from kinematics

e > 107 Muon suppression

«>107 T (from K+ — TT'T0) suppression

DANIELSSON HANS, OCTOBER 9 2023 15



@) Photon (n%) Rejection

HERMETICITY AGAINST PHOTONS EMITTED IN STANDARD KAON DECAYS UP TO 50 MRAD

&
2 7 (,)0

Y [m]
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CHANTL Charged Anti Counter
(Y
/ ‘ Muon Veto
m - / — T T 1 I B! I ml
Gigatracker T TT 11 ; | ; ;
achromat J/ vacuum :
PP ‘ T
i s ) == R ———ar—
L VA1 1™ SAC
target g | I I
- — IRC
| | | | i T ]
om s0m 100m | 150m . 00m 250m
LAV: Large Angle Veto s S
spectrometer
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CERN
\

" Kaon ID and timing: KTAG

@ CEDAR optics (radiator N,)

@ Cerenkov light split in 8 spots

@ TDC readout (48 x 8 PMs)

@< 100 ps time resolution

@> 95% K ID efficiency (> 99.9% purity)
@ Rate at full intensity 50 MHz

@ Commissioned in 2014

NITROGEN RADIATOR UNTIL 2022

KTAG K/n/| ti
PM occupancy screenshot from 2014 data .
e I |-ﬁn-|‘ I — 1L ot v KT 2012 data
] 10" .4" : .o proton
e | - rL o
e i e e i o * .
PR Sessssss " 2 [ ]
.............. S S 5 107 e ¢ . ~
- L]
eeree et & C ’ s o
............ ~ [ R AP S A
: g OE Fo
----- ool ; t t
.......... i k T | .
.......... 3
10‘5 Il 1 1.6 1 1 1 17 1 1 1 1 1.8 1 1 1 1 1-9 1 1 _I 1 2 ..I I-

Pressure [bar]
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DAR

X New CEDAR-H in 2023

Installation into NA62 beamline

The installation was conducted between
the end of 2022 run and start of 2023 run

CEDAR-H was transported to ECN3 and
installed, replacing the original CEDAR in
NA62 beam line.

T



= CEDAR-H Performance

S10] —a IRERLR LALRE REALE LA [T
250000F 1 | T e Or =R
[ —— CEDAR-H 1 3 | e —
— CEDAR | |
| 09| —— -
200000}~ - :
1 ' e
f 08} i
150000 - i
o7 f :
100000} -
50000 ] »
] . —— CEDAR-H
g ‘ ] 05" — CEDAR-W —— |
G- g - I T T T e o = S L --<- Analytical expectation with <19> photons > S
0 10 20 30 40 50 | -+ Analytical expectation with <22> photons |
Number of photons per K* candidate 0.4 ;é - é - .‘1‘1 é — lé‘ ; é
Number of coincidences
K gtPM T The photon yield with CEDAR-H is 10-15% larger wrt to the yield
Oy = Nevr 6ops achieved using previous CEDAR with nitrogen
The K* ID efficiency based on 5 coincidences is greater than 99.5%




e NAG2
- GTK Beam Tracker —

AIM: MEASURE TIME, DIRECTION, AND MOMENTUM OF ALL THE BEAM
TRACKS AT A GHZ RATE

* Gigatracker: 3 Si pixel stations on the beam

* Provide precise momentum, time and angular measurements on all beam tracks

nd
e Cooled down using a microchannel technique 2"t achromat

* On sensor TDC readout chip
e X/Xo0<0.5% / station,

* Rate at full intensity 750 MHz

GTK2Z

DANIELSSON HANS, OCTOBER 9 2023 21



NAG2
GTK: State-of-the-art 4D Tracking

> n-in-p and p-in-n
27x60 mm2
200 pm thick (0.2% XO0)

® Sensor:

» Bump bonded to 10 chips Bump-Bonding:
» Sn-Ag bumps

» Benzocyclobutane deposited to avoid
discharges.

> TDCPix:
IBM 130nm CMOS technology

» 100 Um thick (0.1% XO0)
-1800 pixels of 300 x 300 um2

» Peaking time: 5ns




NAG2
tate of the art: Micro-channel cooling

. GTK 3 g -
installation = i »' , Vessel

KOVAR NiAu (~ 3 pm)
SnPb
/ «— TiNiAu (~ 1 pm)

PCB Cooling Plate

Flange Frame

(@) (b

(a) Cross view of the connectors between the

. Cross- plate and the capillaries. (b) The two cooling
section of plate circuits are connected to capillaries each
the ooling by one set of inlet and outlet. The capillaries are
plate then brazed on manifolds that are connected to

the cooling distribution circuit.

DANIELSSON HANS, OCTOBER 9 2023 23



N NAG2 {
a Time Resolution (bias 100V) -

Conditions x10°

. ) . 1 ' . |Enties 564219
» At detector installation in 2016 o B 2/ndf 693/ 237
. Constant 6.12e+03
e Sensor Type: n-in-p € Mean  -0.0087
. . o . TR R Sigma 0.183
 Operation bias: 100 V O 4
Two Measurement Methods I
. Time difference between GTKS 2 _— ............................. el
KTAG RICH (o, < 100 ps) |
e Time difference between the 3 N 0 SR
GTK stations taris - tamko [NS]
Results
e Hit time resolution: 130 ps GTK1 |132.0 ps
e Track time resolution: 75 ps GTK2 |127.1 ps
e Design resolution matched GTK3 |[129.2 ps
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&) | WAEZQ
he Straw Spectrometer

®In vacuum 1x10-¢ mbar * *
® 4 Chambers; 1 cm J straws

® X/Xy<0.5% / chamber

® (0.5 Tm magnet (2x2 aperture)
* TDC readout (~7200 straws)
® Rate at full intensity: 10 MHz

DANIELSSON HANS, OCTOBER 9 2023



Straws by Ultrasonic Welding

“Classical straw winding” Ultrasonic welding

_ Tim (150-180°C)

Straw Quality Control:
* All straws are leak tested after a short (15 min) pressure test at 3 bar

* The strength of the weld is verified at both straw ends (traction test)
* The electrical conductivity between the two straw ends is measured

DANIELSSON HANS, OCTOBER 9 2023
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CRUCIAL IN ORDER TO KEEP THE STRAWS STRAIGHT!

Detail of the spacer

: ‘ g |

DANIELSSON HANS, OCTOBER 9 2023
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VA62 /6

raw spectrometer Front-End

The Dismountable

Custom made gold-plated crimp-tubes to connect manifolds
the wires gold-plated Tungsten 30 um in diameter supports the
cover and

provides the

, modularity for the
T (O = , ' gas distribution
- (16 straws)

For the high-voltage
and signal connection
a flex-rigid circuit board
(web) is used. The web
contains HV
capacitors, signal
connector and HV
connectors

R .

CONNECT —\'
L | PCB GND
@

PLANE

,—| METAL

CASE
(VACUUM

TUBE)

SAFETY GND
“EARTH”

The PCB host the front-end electronics and l L
closes the gas manifolds. The modularity is 16
straws and the PCB can withstand the ambient

pressure in case of a broken straws
DANIELSSON HANS, OCTOBER 9 2023 28




CERN

DANIELSSON HANS, OCTOBER 9 2023

Oline Monitor Plot September 2023

Straw Channel Activity

» 7168 Straws

* 3 not working in
2023

80 100 120
T Straw ID
Beam direction

Straw Channel Activity

VA62 A
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events/( 0.010 ns)

2000/-2021 PRELIMINARY

1800
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1400
1200
1000
800
600
400
200

&
S
A_

TheRIC

* RICH Requirements

* M+ mis-ID <1% in

momentum range
15<p7z <35GeV/c

* Time resolution of O
100 ps

* Provide a LO trigger
for charged tracks

Al

Events/( 1.000 Mev/c?

0.07

0.06

0.05

0.04

0.03

0.02

0.01

— Muons
— Pions

2021 PRELIMINARY

NAG2 A
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NAG2 A
riggterand DAQ = K= !—E & ..

RICH MUV CEDAR . LKR LAV | L.
The schematic represents an overview of the Tﬁ — 1
NA62 trigger system. The information, stored in %LCGBZ %LCGBZ %Lceszn men
primitives, is generated in a subset of detectors T I II 1IJIH2 |
and transmitted to LOTP, where is processed in omiz || 1 Lotp K o
order to reduce the rate from 10 MHz to 1 MHz.
Data satisfying the LO selection are moved from V i V V \) e
all the detectors to the PC-Farm, where high T uGigaE"hSW'TCE T |
level triggers (Ll and LZ) are appliEd’ redUCing L1/L2 L1/L2 L1/L2 L1/L2 L1/L2 L1/L2 L1/L2 J :
the rate from 1 MHz to about 20 kHz. Only the pc [| pc [| pc [| pc [| Pc [| Pc || PC [ 5
events passing the three selections, LO, L1, and ¥ ¥ ¥y 4 + ¥ ¥ ‘
L2, are written on disk by the Central Data e j(KHZ) m
Recording (CDR) service. — o w

RESULT: 1 MHZ REDUCED TO ABOUT 20 KH

DANIELSSON HANS, OCTOBER 9 2023 31



Results

DANIELSSON HANS, OCTOBER 9 2023

NAGZ (),
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NAG2
NAG2 2018 Data JHEP 06 (2021) 093 arXiv:2103.15389 [hep-ex]—

i;‘ 0.12 -+ 2018 Data ‘f'\; - 4~ Data K'—a'vy
Z N> 10° & TK—=uvy) [ K =utv, pts et
&) 6 ; . K'—n*n® K*—m*nly
2 . K'—=n*n*n K'—n*n'e'v
S 102 §E DUpstream %Total background | ;
< I ~ Mode
co 10 ' Model :
N i
< 1 |
: | g
= -
= 107!
o |
107 ' |
10_3 Bl P I| [ 4
5 20 25 : 30 35 20 & yr -0.02 0 002 004 006 0.08
) 2 27,4
7" momentum [GeV/c 1 | i [GeV7/cT]
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) MAEZQ
7' NAB62 Combined Results (2016,2017 and 2018) —

JHEP 06 (2021) 093 arXiv:2103.15389 [hep-ex]

72]
s 12 Expected background
%)
S + Observed data
3 10 | H H H
E 2016 :2017; S1 | S2
Z 8 __ ' H H
A SES = (0.839 & 0.0534yst) x 1071,
. -1 N;» =10.01 £ 0.425y¢ £ 1.19ext,
I : : exp _ +1.05
4 Nbackground - 7'03—0.82‘

6 7 8
Category

B(K* — ntvi) = (10.6159 (stat) £0.9 (syst)) x 10~

20 Candidates 3.4 o significance,  P(back.only) 3.4-10~*
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o) NAG2 [
Historical Yy .

Experimental upper limit @ 90 % CL

T 10_5 Experimental measurement
T Klems | Theoretical prediction
Z 10 Yy Cabe
m sano
107 V4
v E787
10°° v
107 Y 7874E
: E787+E949  NAG2
107 Exﬁm—fl-
10—11 I TR T S TR IS S TN SR SN AN SN S SN S BN SO S B |
1960 1970 1980 1990 2000 2010 2020

Year of Publication

» NA62 2016 data
E. Cortina Gil et al. [NA62], Phys. Lett. B 791, 156-166 (2019) doi:10.1016/].physletb.2019.01.067

[arXiv:1811.08508 [hep-ex]

> NA62 2017 data
E. Cortina Gil et al. [NA62], JHEP 11:042 (2020) [arXiv:2007.08218 [hep-ex]

» NA62 2018 data
E. Cortina Gil et al. [NA62], JHEP 06 (2021) 093 arXiv:2103.15389 [hep-ex]

With restricted data taking periods (end 2025) and hardware limitations

at higher intensity, NA62 can aim for a 15 % BRgy measurement
DANIELSSON HANS, OCTOBER 9 2023 3o



Long Shutdown 3 start in 2026
2030 and Beyond
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HIKE — Phase 1

A\
f \y

High Intensity Kaon Experiments

K* —»z*vv @ HIKE: physics reach

Measurement of BR(K* —m*vv): precision test of the Standard Model

Model-independent standard candle constraining many BSM scenarios,
present or future

~ -8 -8
< C < C
3 : B -
T I 1 -
5 v
2 107 = | s //
E T c
C ] C [
c -
B % 0(15%) precision L 0(5%) precision
@
107" 5 3 1071
o
r DE:, r
2 NAGZ )| t\; § <4— NA62 Run1 [JHEP06(2021)093] : "l <— HIKE projection
TheKHnwdecays:atheoreticalcleanenvironTnenT\|,,|,|z,,,jI,,,||,,,|Hlll“ 1o T L L
FCNC loop processes: s—d coupling and highest CKM suppression , 5 10 15 20 25 30 35 5 10 15 20 25 30 35

arXiv:2109.11032v6

[hep-ph] 1 Jun 2022 w

LS W4 8 uet d
~ u,c,t u,ct w W
i
zZ zZ
> 7 Pl 5

rtain

Very clean theoretically: Short distance contribution. No hadronic unce: ties |

B(K*—n*vw) x 101 B(K*—n*vw) x 10"

* Recent most accurate estimate of the branching ratio:

e Bsm(K*+ = 71+ vV ) = (8.60 + 0.42) x 10~

DANIELSSON HANS, OCTOBER 9 2023

From NA62 to HIKE: precision on BR(K* —z*vv) improved by 3x!
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HIKE — Phase 1 r )

K+ —»atvy at CERN: HIKE-Phasel Aﬂ@

— Max possible intensity in HIKE-Phasel (after major beamline upgrades):
1.2 x108 POT / spill = 4x NA62 max beam intensity
Statistical power: 2x10!* Kaon decays in decay volume per year (7x10'® POT / year)

NAG62-like design of experiment will work at high intensity

Primary Hadronic
Electromagnetic Calorimeter
Focusing & Large Angle Vetos _____ RICH\AcalorImEter Ml;:tnez/teotl?
Sweeping Magnets —
\ Ch Kk T, Small Angle
TAXes \‘,‘ \ K erenkov Beam \ | Hadronic
\ aon Tagger Tracker Vacuum ' ' ! ! Calorimeter
foraet M | | NN Tank
|
Nk Ll |
) \ [ Small Angle
\ Veto Counter \ANTI'O | | Electraomag%etic
\ Calorimeter
Charged Anti-coincidence Downstream Spectrometer Timing ";‘é’g:iiig;enstii"cg
Detector Fiducial Volume ‘ with STRAW Trackers  Detector Calorimeter
| | | I I | I I [ I
0 510 50 100 150 200 250
Z[m]

HIKE-Phasel improvements wrt NA62:

— Improved timing is the crucial element to be able to stand the intensity increase
— Equal or better key performances at high-rate to keep background under control
[e.g. kinematic rejection, photon rejection, PID]
— Up to x2 increase in signal acceptance thanks to new, more granular/performant detectors
[higher efficiency in K-z association, PID, kinematic rejection] & fully-software trigger
— Further suppress dominant background from upstream K* decays
DANIELSSON HANS, OCTOBER 9 ..o oo



Further reading and pubI|<>at|o§1|',nls£-‘fzQ

Search for KT decays into the mt et e~ et e™ final state, arXiv: 2307.04579 [hep-ex] (2023), submitted to Phys. Lett. B.
A study of the KT — n0et v~y decay, arXiv: 2304.12271 [hep-ex] (2023), submitted to JHEP.

Search for dark photon decays to ut ™ at NA62, arXiv: 2303.08666 [hep-ex] (2023), submitted to JHEP.
A search for the KT — p~vet e’ decay, Phys. Lett. B 838 (2023) 137679.

A measurement of the KT — n+ ™ decay, JHEP 11 (2022) 011.

Searches for lepton number violating KT — 7~ () eTe™ decays, Phys. Lett. B 830 (2022) 137172.
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hoice of detector layout

* The 400 GeV/c proton beam from the CERN SPS accelerator enables the production of a 75
GeV/c secondary kaon beam

* The advantage of using a high-energy proton beam O(1013) kaon decays over a few years) is the

reduction of non-kaon-related accidental background due to the higher kaon production cross
section

 Kaon identification is provided by a CEDAR differential Cherenkov counter equipped with a
photon detection system KTAG

* Downstream of the decay region, the STRAW tracker measures the trajectories and momenta
of the charged products of K+ decays. To minimize multiple scattering, the straw chambers,
which are constructed of ultra-light material, are installed inside the vacuum. The tracker
consists of four chambers and a large-aperture dipole magnet (MNP33) providing a momentum
kick to charged particles of 270 MeV/c in the horizontal plan
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o Kinematic variable: m2,;.. = (Px — P,+)?

o Background

o 1) K*decay modes

o Kaon Decays
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e Beam interactions in the beam tracker
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2) Accidental single track matched with a K-like track

E
- K*>r*n(y)
E
= S\ . r
L . h | VY (s

& 10"
e iy
E
E 1\
E
E
- >N e

i ©
EE ‘M
B 1 I 1 1 1 l 1 1 1 1 1 I 1 1 1 1 1 1 l 1 1 1 I 1 1 I 1 1 1
-0.04 0.02 0 0.02 0.04 0.06 0.08 0.1 0. 122
[GeV3/c!)

o Beam interactions with the residual gas in the vacuum region.
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