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The golden modes 4
The golden modes Al

High Intensity Kaon Experiments

« FCNC forbidden at tree level: 1-loop contributions as leading order | high sensitivity

« Highest CKM suppression: BR ~ [V "V [~ ! to new physics
Decay I, /I'  Theory error” SMBR x 10"  Experimental Experiment Year
BR x 10"
K —n'w  >99% 2% 294+£0.15 <200 O ¢ 2023
K'-mw  90% 4% 8.6+ 0.4 106+, x09  NABZ L, 2021
K —n'e'e”  40% 10% 32+1.0 <28 KTeV 2004
K —nuw'u 30% 15% 1.5+0.3 <38 KTeV 2000
K —uu 10%  30% 7912 (SD) 684 %11 BNL-871 2000

"approximate error on LD-subtracted rate excluding parametric contributions

K, —n’ " vs K — avv:
* Larger theoretical uncertainties from LD physics

* SD CPV amplitude: y/Z exchange
« LD indirect CPV amplitude: K, — K

* LD CPC amplitude from 2y exchange
* Explore helicity suppression in FCNC decays

BR(K; — #%v)
BRgp(K;, — 7€)

BRsp(K;, — u'u”) ~—— Re
charm
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The golden modes 4
The golden modes Al

High Intensity Kaon Experiments

« FCNC forbidden at tree level: 1-loop contributions as leading order | high sensitivity

« Highest CKM suppression: BR ~ [V "V [~ ! to new physics
Decay I, /I'  Theory error” SMBR x 10"  Experimental Experiment Year
BR x 10"
K —mw  >99% 2% 2.94+0.15 <200 jO<. ¢ 2023
K'smw  90% 4% 8.6+ 0.4 106+, x09  NABZ L, 2021
K —n'e'e”  40% 10% 32+£1.0 <28 KTeV 2004
K - 30%  15% 1.5+0.3 <38 KTeV 2000
K, —pp 10%  30% 7912 (SD) 684 %11 BNL-871 2000

"approximate error on LD-subtracted rate excluding parametric contributions

Principal HIKE physics goals:

Phasel:

* Measurement of BR(K*—mvv) at 5% precision
* Lepton universality in K'—n™£"0~ decays
Phase2:

BReo(K, — u'u) —— Re|*® Measurement of BR(K, —n’¢*(") at 20% precision
charm

BR(K; — #%v)
BRgp(K;, — 7€)
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The golden modes L /f\@/l<\
K —>7mvv: hew ! ' HIINE
H . ne phy S 1 C S S C enarl O S High Intensity Kaon Experiments
New physics affects K" and K, BRs differently
Measurements of both can discriminate among NP scenarios

z % Models with

= with:

o -3 iap .

A uras, Buttazzo, Knegjons * CKM-like flavor structure

x ~ MFV

2 15 * New flavor-violating interactions

® with dominant LH or RH couplings

1 —Z/7" with pure LH/RH couplings

g 1ol —Littlest Higgs with T parity

g * None of the above constraints

—Randall-Sundrum
c Ay or Ap only:
| e [N ocTm A2, / M2, | Grossman-Nir bound
) Model-independent relation
General NP oc 12z +A"f_,‘ el 0,
| | Mo BR(K;, — n’vVv) 1,
% 5 10 15 20 25 30 X <1

12/09/2023

BR(K* — 7*v¥) x 101

BR(Kt —atvv) 1 —
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HIKE — Phase 1 . /f\@/\
K" —n'vy (@ HIKE: physics reach AIKe

Measurement of BR(K* —a*vv): precision test of the Standard Model
Model-independent standard candle constraining many BSM scenarios,
present or future
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From NA62 to HIKE: precision on BR(K* —x*vv) improved by 3x!
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HIKE — Phase 1

A)
.

K™ —m'vv: decay-in-flight technique 4HL0\NEN
The NA62 decay-in-flight technique is now well established!

Kaon track +
Pion track +

K" —n'vv signature: Py
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Main backgrounds:
BR(K*—u'v) = 63.5%
BR(K"—n"n%) =20.7%

NA62/HIKE-Phasel

keystones:

— Precise tracking

— PID (in particular mt/p)
— Photon rejection

— Precise timing

1 !

Background
rejection

at ~ 10" level
6




HIKE — Phase 1 . 7
K" —a'vy at CERN: HIKE-Phasel HIKE

— Max possible intensity in HIKE-Phasel (after major beamline upgrades):
1.2 X101 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
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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-m association, PID, kinematic rejection] & fully-software trigger

— Further suppress dominant background from upstream K™ decays
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HIKE — Phase 1 o : A)
K" —a'vy at CERN: HIKE-Phasel Aﬂﬂkﬂ

— Max possible intensity in HIKE-Phasel (after major beamline upgrades):

1.2 X101 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
Calorimeter / Muon Veto

Detector

Focusing & Large Angle Vetos RICH

. \
Sweeping Magnets / \\“ I
\ Cherenkov Beam i \

J
J
Kaon Tagger Tracker Vacuum ’ '
: ”I Tank

Wynl Veto Co( {EI‘\ANTI-O | l I

Small Angle

Hadronic
Calorimeter

TAXes

Target D
I

[
\\U\ T

Small Angle
Electromagnetic
Calorimeter

Charged Anti-coincidence o Downstream Spectrometer Timing "étlzzrtf:gﬁiz;enzg‘cg
| | | | | | | | | ID@@@EI@W \ | J F|du<J:|alVo%ume \ J J W|th|STRAV‘VTrack‘ers ‘DetecTor | CaloriTete, |
| \ | | J \ \ | | | j i | i i i | | J \ \ \ | | \ \

0 510 50 100 150 200 250
Z[m]

Technological solutions exists for all detectors
Synergies with Hi-Lumi LHC projects and next generation flavor/dark matter experiments
* Next-generation silicon detectors for beam spectrometer
* Design studies in progress for downstream spectrometer with 5-mm diameter straws

12/09/2023 Karim Massri — Kaons (@ CERN workshop — CERN 8
-



_ K* —»n*vw @ HIKE: K/n ID K

High Intensity Kaon Experiments

m, = 0.106 GeV/c* m,_ = 0.140 GeV/c?
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RICH mass, m_, ., [GeV/C]] Instantaneous intensity [MHz]

RICH PID for m with 15 <p <45 GeV/c.

RICH granularity increased

+ better photodetectors (x2 Quantum Efficiency,
time resolution: 300—100ps)

— Improved photon yield and time resolution

K-n matching: x4 better timing,
x3 smaller pixel size in beam tracker,
40% lower material budget in STRAW

HIKE:
* 1 ID efficiency: > 10% higher than NA62, keeping same p/m misID probability.
* K—r efficiency: ~ 10% higher than NA62. K- misID probability ~2%, similar to NA62.
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HIKE — Phase 1

Simulated m2miSS distribution vs momentum
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K* —m'vw @ HIKE: Kinematics
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miss

NA62 MC extensively validated with data.

Main kaon decay modes enter the signal regions via
resolution tails in the reconstructed value of m* .

* Signal regions determined by resolution
o Slightly better m*> __ resolution at HIKE wrt NA62

(40% less material budget in STRAW spectrometer)
* Missing mass with RICH much improved

HIKE signal regions can be optimised:
signal acceptance 10% higher than NA62, keeping same level of kinematic rejection
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HIKE — Phase 1 . /f\@/\
K* —»n*vw @ HIKE: Random veto /ZALKE:

Criteria to veto photons and extra activity in-time + pileup = intensity-dependent signal loss
Critical performance indicator: “random veto efficiency”, measured on data (with K*—puv)

3 1
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NAG62: B 08
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. . > 0
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. . (@] . 1
* Quasi-linear dependence on the e ;
. . . ©
instantaneous beam intensity. T 14 intensity
 Limiting factor: i Aty vl $ o
timing precision of the detectors - SCALveto L
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HIKE: Maintain or improve the random-veto efficiency.
— Requires an improvement in the time resolution for the veto systems
at least by the same factor as the intensity increase
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HIKE — Phase 1

Signal intensity dependence:

Dead-time-equivalent paralyzable
model accounting for intensity
dependence of the trigger, DAQ, and

all selection criteria (except Random Veto)

X

Polynomial description of the
random veto efficiency

— .
K" —n'vv @ HIKE: Physics sensitivitym

Improved timing, software trigger
‘land new DAQ
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Background from K decays to remain the same fraction of signal  protons on target

Improved coverage and design of upstream background veto Expected SM K™ —

— Upstream background reduced to same level as K background

Number of spills 2.4 x 10°
3.2x 10"
K* decays in FV 8.0 x 1013
ntvy 480
Background from K* decays 115
Upstream/accidental background 85-240
Expected statistical precision o (8B)/8 | 5.4%—6.1%

With background contamination and systematic uncertainty under control,
measurement of BR(K"™ —avy) at O(5%) precision in 4 years of data-taking

12/09/2023
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HIKE — Phase I . }\@/\
K* —atvw @ HIKE: specific models Z1KE\

[CERN Physics Beyond Colliders Document, in preparation]
g/ =g" =-gx, mr =2.0TeV, sin(dp) = 0.5

3.5 prryr—r—r—— ‘ o
[ Phlk's} L
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2.5¢ 4} X é
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[ B physics 1 4
1.0F — HIKE v
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my: [TeV]
Top-philic Z’: (revisited by F. Kahlhoefer) Leptoquark model: (revisited by D.Marzocca)

Constraints on a top-philic Z’, on mass vs gauge coupling Constraints on coupling of S1 leptoquark from

[JHEP 03 (2018) 074, Phys. Rev. D 97 (2018) 035002]. flavour and electroweak observables vs leptoquark

Assumed vector couplings to muons and tau leptons, mass. Region above each line is excluded at 95%CL.

and couplings to top quarks induced via mixing with a Constraints are derived using the complete one-loop

vector-like quark with mass 2 TeV and mixing angle 0.5. matching of this leptoquark to the SMEFT derived
in Ref. [JHEP 07 (2020) 225] following the pheno
analysis of Refs. [JHEP 01 (2021) 138, Eur. Phys. J.
C 82 (2022) 320].
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HIKE — Phase 1

HIKE-Phasel: K'—a0"t" decays

WI’EZQH JHEP11 (2022) 011

B K >yt
B K v, e
Bl K >t pty,
BN K >rptw

109 —e— Data

8 K > etveprp
10 K > ey,
107 K —>nnn

Events / (MeV/c?

HIKE

High Intensity Kaon Experiments

Long-distance (LD) dominated, mediated by K*—x*y"
dl'/dz « GgMz(a + bz) + W™ (z)

Form factors (FF) Ksr loop term

z=m(II /My (non pert. QCD)
LD effects are purely lepton universal (same a & b for £ =e, p).
a'* — a%t = —V2Re [ViVi(CY — CS)] PRDY3 (2016) 074038

a +""— a +ee is sensitive to LFUV in short-distance contributions

Central value and o errors
—— Statistical+systematic errors
——— Statistical errors only
—— PDG average (2022), without NA62 result
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IIII\‘I\\\‘\\\IIIIIIIIII \\‘I\\Il
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| [
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L 100
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_09F ]
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-100 75 50 -25 0 25 50 75 100
Form factor parameter a.,
5CH

HIKE-Phasel: >2x increased precision on a ""— a_°“ measurement
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HIKE — Phase 2

High Intensity Kaon Experiments

K, —n’"t- at CERN: HIKE-Phase2 /iIKt

A multi-purpose K, decay experiment focussed on K, —n’C*C" decays

— Max possible intensity in HIKE-Phase2: 2 x10'* POT / spill
Statistical power: 3.8x10" Kaon decays in decay volume per year (1.2x10" POT / year)

Main Hadronic
Electromagnetic Calorimeter

Large Angle Vetos Calorimeter / Muon Veto

| | | | /\\\\I

J
Ta r:%i EI D I_l[ % \/\Tgu‘wH :ﬁ '

l ]
\E\ / I I L1
Horizontal Bend \AN“'O 1

Detector
Small Angle

Hadronic
Calorimeter

Intermediate Ring

Magnets Downstream Spectrometer T|m|ngEleé;[g:?;g:::ic
S R T I R O I SO N N R RO e, STRAW Tracker Defector |
\ \ | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 510 50 100 150 200 250
Z[m]
* 120 m long neutral beamline:
* Secondary beam opening angle = 0.4 mrad; 2.4 mrad production angle
* Mean momentum of decaying K, mesons =46 GeV/c
* Reconfigured HIKE-Phasel detector:
* Kaon tagger, beam spectrometer, RICH, small-angle calorimeter removed
* STRAW spectrometer shortened, chambers realigned
12/09/2023 Karim Massri — Kaons (@ CERN workshop — CERN 15



HIKE — Phase 2

HIKE-Phase2: signal & background

Main background: K. — yp€*{"[Greenlee, PRD42 (1990)]
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120i . : .Ij. W . 1207 . -.: ‘.'..T:_ - |:-\. .-I '._..
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HIKE — Phase 2

HIKE-Phase2: background estimate

2P (ki - ko)
- ms - AY2(1,x,xy)

P = kaon four-momentum
k = photon four-momenta

X = (mee/mK)2
v Xy = (myy/mK)2

2 eﬁ-5 1 Ala,b,c) = a®> + b*+c? = 2(ab + bc + ac)

ann = smallest angle between any photons

and any leptons in the kaon frame

F-ILIIIthiI 4 ]

iy

"=

Illlhlll
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III|.|II-II|III-I|I
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HIKE-Phase2: physics sensitivity fﬁ/l(}

Number of spills 3 x 10°
19
Protons on target 6 x 10 B First observation @ > 5¢
Ky decays in FV 1.9 x 10 and measurement of both
Mode Ns Np Ns/YNs+Np 08B/B ultra-rare decay modes
K; — nlete 70 83 5.7 18%
K; - n%utu= 100 53 8.1 12%
0 4 — ) Im A, Im/lt 2 1 b Phase-I de:
Bsm(Ky — nlete™) = [15.7|ag|* £ 6.2]ag| | | x10 [LHCb Phase-I upgrade:
10° 10 form-factor parameter a_
2 . . .
Bsm(Kp — nuu™) = |3.7)asl” £ 1.6]as] ( Oﬂ ) +1.0 (Ilrgjf) + 5.2) x 10712 to 5% relative precision]

Assuming constructive interference, determine the CKM parameter 4. :

d(Im A;)
Im A,

=033  9Umd,)

K;—nrlete- Im A,

= (.28

Kp—nutp-

» 20% precision on CKM parameter A,
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HIKE — Physics sensitivity

HIKE: many flavour observables

High Intensity Kaon Experiments

HIKE: rare K" and K, decay programme to an unprecedented level of precision

Kt > ntvy

K* — gttt

K" > a (7", K" - nue
Semileptonic K* decays

Rg = B(K" — e*v)/B(K* — u*v)
Ancillary K* decays

(e.g. K* = ntyy, K* — ntnlete)

og/B ~ 5%

Sub-% precision on form-factors
Sensitivity O(107'3)

og/B ~ 0.1%

o(Rkg)/Rk ~ O(0.1%)

GZO - 0;00

BSM physics, LFUV
LFUV

LFV /LNV

Viis» CKM unitarity
LFUV

Chiral parameters (LECs)

K; — Al

Ky — p'u”
K; — 7(0(7(0);1161
Semileptonic K; decays

o5/B < 20%

G‘_rB/fB ~ 1070
Sensitivity O(10712)
G‘_rB/fB ~ 0.1070

ImA; to 20% precision,

BSM physics, LFUV
Ancillary for K — uu physics
LFV

Vs, CKM unitarity

Ancillary K; decays %o — Yoo Chiral parameters (LECs),
(e.g. K — vy, K, — 7%y) SM K; — pu, K; — 7€~ rates
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HIKE — Physics sensitivity A)

HIKE: Kaon Global fit

Global fits to set of kaon measurements, in the framework of lepton universality.
Effect on Wilson coefficients for NP scenarios with only left-handed quark currents.

Cp = Crgu + C

t
V2 4m k = (E’yMPLd) (Dg 7“(1 — 75) I/g) [CERN Physics Beyond Colliders
Document in preparation,
and paper in preparation by

[arXiv:2206.14748] [arXiv:2206.14748] D’ Ambrosio, Mahmoudi, Neshatpour]
50 il —_ :L:;jr::tti::t: —_LD:+ for K -uu HIKE projections J - :ﬁ;::;s:f __LD‘ + for K —uu B J
a0k I projection B Bl projection B / \ Colliders
of P O o .| Preliminary / /‘
20} ( /
Yy Uy Ly 10} “
3 3" ® \\ |
K enter or or SM+ \\.
or 1 Ky-spap (Af, > 0) \|
Koo (48, < 0)
“10} 'I;F_L:\;D\:l:h K* it _10k -10f \7j
REEE e i HIKE Phase 1 HIKE Phase 1 & 2
—20 —-10 [i] 10 20 30 40 50 60 70 _'15 _‘10 _'5 6 5 -15 -10 -5 0 5
6CH = 6C] sCH 6Ct
Bounds from individual observables. Projections assumptions:

Coloured regions are 68%CL measurements

: st A: central value for existing measurements kept the same
Dashed lines are 90%CL upper limits

+ SM expectation used for measurement with upper bounds
B: central value of all observables is projected to the best-fit
points obtained from fits to existing data
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HIKE — FIPs

A)

Feebly-interacting particles (@ HIKE

HIKE: Fixed-target configuration, long decay volume
— suitable to search for FIPs, in kaon and beam-dump

Search for FIP production in kaon mode: K'—{'N, K'—»n'X, ...
(for details, see Evgueni’s talk from yesterday)

Dump mode: most sensitive to forward processes,
complementary to off-axis experiment SHADOWS.

An ad-hoc setting of the dipoles allows a substantial reduction of the rate of muons
emitted by pion decays in the proton-induced hadronic showers in the TAX.

'Io.ooes

0.002
0.0015

0.001

0.0005

E]50 0 50 100 150 200 250 0

Zrpax [m]

wu [arXiv: 2303.08666]

Events /[1 m x 2 mm]

Expected background in HIKE-dump (5x10"” POT)
based on extrapolation from 1.4 x 107 POT collected
by NA62 in 2021 in beam-dump mode

Final state | Expected background
utu” < 0.02
ete” <0.9
T (y) < 0.09
urnt, e*nt < 0.1
VY work in progress
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HIKE — FIPs

Feebly-interacting particles (@ HIKE

HIKE sensitive to all BC benchmarks except BC3 & BC5
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HIKE — Physics sensitivity A)

HIKE: LNV/LFV decays

Lepton Number/Flavor Violation: many decay modes, forbidden in SM

LFV possibly mediated by leptoquark: LNV possibly mediated by a Majorana neutrino:
U > u “ 4t
§—+—&-------- d
ﬂ—\\vaQ T
i ly
K'— mpe [PRL]27(2021)131802] Kr—me'e [PLB830(2022)137172] K'—>mu'u" [PLB797(2019)134794]
G10°E ¢ Data ‘1_? -s-Data P &; C NA 62 —a— Data
% E B Kt % = K+—>e ve'e 3;1 0°c ol K »nmn
=104k K'—m'rety = K —mge'y P "g B j K=ty
< E K+ Ho b — P‘
R Kttty < 1k [OK —»n'n'n = al I K -rre'y
24 03E Hl K—netey], P > 10 g [ K-
s Bl K-ty T T £ CO K =pfvptu (x10)
102k ket S [ 010°k u
F " Total uncertainty w | L E
10% i
107" 1%
1 = &
F - 10k
107" I - :
102 I i 1
g 1.62 l= | : I Il 1 18] 1 11 Sl
iz R | £1 hl: 10" ;
1E T ’m" PPPPIPTIPITINITG o0 1 1 [ 1
§Z§§ # H i 102 o bl I I
a0 RED 400 4E0 . BOO 200 250 300 350 400 450 500 550 380 400 420 440 460 480 500 520
300 350 400 450 500 550 600 -
« [MeV/c?] m(n e*e’) [MeV/c?] m(mutpt) [MeV/c?)

Wﬂﬁlég NA62. O(10") limits on BR of LNV/LFV K* decays
o [Kf—m(n°)€, 0", K'— mue, K'—»n(n)¢, ve, 0, t®—>pne, ...]

‘ HIKE: O(10--10-") sensitivity on BR of LNV/LFV K*and K, decays ‘
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HIKE — Physics sensitivity

HIKE: Cabibbo angle anomaly

Disagreement leads to (apparent?) violation of CKM unitarity:

High Intensity Kaon Experiments

2 2 2
V2 |+ 72+ 72| = 0.9985 +£0.0005
ud us ub
K{S 4 €R
_ V,, from kaon and tau decays,
".. 0.000 m— V,, from super-allowed beta decays
0.225 '
"} Constraints from CKM unitarity on the
| ~o.001r contributions to the leptonic and semileptonic kaon
Vi Vi frOM K, :_ AD) decay amplitudes from right-handed quark currents
Vs from K ! i A
0.220 |- V.a from g decays \ -0.002- |- A®
I ‘0.9[65I — IO.S;TOl — IO.G;T\SI —0.(IJ1ICI l I—;fl.(I)O.S o 6.006 - 6(.’:05 - CILC:1O
Acp
V, - ;
. . . ‘Colljders _ " 0.000—=-----------"==2fg=------- JColliders
HIKE can clarify the origin of the - CREtA | 5
Cabibbo angle anomaly ; i
In the scenario illustrated, ': 0,001} i
HIKE resolves tension between ‘t [
V/VafromK, | . HIKE AW
Ku2 and K, but confirms anomaly due to V 7 from K : . Phase 142 | | AQ
0.220 V,q from g | -0.002 - y, =0.22417 | B 2
I ]0.9[65I — IO.QITOI — ‘0.9|7‘5I —0.-1!)1|0 l l—;].(I)O;j - 6.006 - (.:Hllﬂé - 6.0I10
Vi Aep
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HIKE — Detector

HIKE detector ALKE

Detector Phasel Phase2 Comment Preliminary group interests
Cherenkov tagger upgraded removed faster photo-detectors UK
Beam tracker replaced removed 3D-trenched or monolithic silicon sensor Italy,CERN,UK,Belgium,Canada,France
Upstream veto detectors replaced kept SciFi Switzerland
Large-angle vetos replaced = kept lead/scintillator tiles UK
Downstream spectrometer replaced kept STRAW (ultra-thin straws) CERN,Kazakhstan,Slovakia,Czech Republic
Pion identification (RICH) upgraded removed faster photo-detectors Italy,Mexico
Main EM calorimeter replaced  kept fine-sampling shashlyk Italy
Timing detector upgraded kept higher granularity Belgium
Hadronic calorimeter replaced kept high-granularity sampling Germany
Muon detector upgraded kept higher granularity Germany
Small-angle calorimeters replaced kept oriented high-Z crystals Italy
HASC upgraded kept larger coverage Romania
2024 2025 2026 2027 2028 2029 2030
1) Detector studies [
2) Technical Design Report L
3) Detector prototyping ]
4) Detector production
5) Installation and commissioning I
6) Start physics data-taking |
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HIKE — Detector A)

Kaon ID

Differential Cherenkov detector,
refurbished readout

K ID for 4x intensity
* Max detected photon rate: >8 MHz/cm?
* High granularity

Single-photon capability with ¢, (Kaon) = 15-20 ps

K" tagging efficiency with 4 sectors: > 95%

Good radiation resistance

Microchannel plate (MCP) PMTs
* Excellent time resolution (~20 ps)
* Low dark noise, Single-photon sensitivity
* High gain, good QE
* Good filling factor
* Input rate capability ~MHz/cm? MCP-PMT array and matrix of four MCP-PMT

QE Susceptible to aging: Atomic layer deposition (ALD) coating increases the lifetime dramatically

Simulation results obtained with geometrical filling factor of 75%
and collection efficiency of 60% show that 15-20 ps kaon time resolution is achievable
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HIKE — Detector ’,Q
Beam tracker

High Intensity Kaon Experiments

NAG62 GigaTracker | New beam tracker
Single hit time resolution < 200 ps <50 ps
Track time resolution < 100 ps <25 ps
Peak hit rate 2 MHz/mm? 8 MHz/mm?
Pixel efficiency > 99 % > 99 %
Peak fluence / 1 year [10!4 1 MeV Neq/ cm?] 4 16

Interest for silicon detectors with fast timing information

capable to operate in a high- radiation environment 1s shared

among different experiments, including the LHC experiments

for the high luminosity phase of the collider. TimeSPOT

Hybrid 3D-trenched technology

can satisfy all requirements.

Pixel electrode geometry optimised for timing performa
Able to withstand very large irradiation.

Excellent detection efficiencies by operating the sensor
inclined by angle 20° wrt beam incidence

Associated 28nm ASIC: first prototype

sind]
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HIKE — Detector

STRAW detector

NAG62 has developed techniques for making
state-of-the-art straws by ultrasonic welding

High Intensity Kaon Experiments

A62 straw chamber

Current NA62 spectrometer | New straw spectrometer
Straw diameter 9.82 mm 4.82 mm
Straw length 2100 mm 2100 mm
Planes per view 4 8
Straws per plane 112 ~160
Straws per chamber 1792 ~5200 Grmm ()
Mylar thickness 36 pm (12 or 19) pm O @ QO
Anode wire diameter 30 pm (20 or 30) pm O O O O
Total material budget 1.7% Xo (1.0-1.5)% X, ______________@:__:Q_—_—_—_—:_—:_ :__:““:Q}
Maximum drift time ~150 ns ~80 ns “_Cj “““““““ . ©_Q ______ s
Hit leading time resolution (3-4)ns (1-4)ns = O O = O
Hit trailing time resolution ~30 ns ~6 ns s @I o O
Average number of hits hits per view 22 3.1 j Q O O ®
. ) ON .
Optimised layout for ~ @ BN O |
neW STRAW detectors 1 10.38 mm | 10.38 mm | 10.38 mm 1J038 mm_ijo.ss mm; 10.38 mny E
Track momentum resolution Track angular X resolution
5 04 - T 80F
> —— Current STRAW 15 o —— Current STRAW
£ 03 o 70f
— New STRAW : r — New STRAW
03— 60—
0.255 505
oz o
0.155 305 :
o 1il2)I ‘20'“'3L""4L“"i“"i" o= 1i0‘ ‘2‘;]“ll3ll)||HJOIH“[IllIil‘
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HIKE — Detector

Pion ID: RICH

NA62 RICH | HIKE RICH
Sensor type PMT SiPM
Sensor time resolution 240 ps 100 ps
Sensor quantum efficiency 20% 40%
Number of hit for 7™ at 15 GeV/c 7 14
Number of hit for 77 at 45 GeV/c 12 24
Time resolution for 7+ at 15 GeV/c 90 ps 27 ps
Time resolution for 7™ at 45 GeV/c 70 ps 20 ps
Sensor type |Layout Sensor size Nchamets | Gt ORadius
Hamamatsu R 13 1952
R7400U-03 e 4.7mm | 1.5 mm
(NA62 RICH) pyr /-2 T
| 3x3 mm? 62K 2.3mm | 0.66 mm
SiPM - 6x6 mm? 16K 2.8mm | 0.78 mm
. 9x9 mm? 7K 34mm | 0.95 mm
12/09/2023
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High Intensity Kaon Experiments

NA62 RICH detector

Radiator: neon at atmospheric pressure
Major changes: Cherenkov light sensors
and flanges hosting them.

— Opportunity to increase acceptance

0.5*(T1-T2), iterative single ring fit

Entries 1200
Mean -0.000275

Std Dev 0.02304
%2/ ndf 20.72/15
Constant 218+ 8.1
Mean  -0.000512 0.000629

Sigma 0.02153+ 0.00050
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HIKE — Detector /f\@/\
Main Electromagnetic calorimeter Z1KE

High Intensity Kaon Experiments

Fine-sampling shashlyk based on PANDA forward EM calorimeter
Main electromagnetic calorimeter requirements:
excellent efficiency and time resolution (~100ps), good two-cluster separation, good energy resolution

PANDA prototypes: Quasi-homogeneous ionization calorimeter, 27X, of LKr @ Wﬂﬁléé
« 6,NE ~ 3% INE (GeV) OF _ 3.2% D 9% ®0.42% 1 —&<107 for £,> 10 GeV
.« 6,~T72ps /NE (GeV) E \/E L o,~ 500 ps for 2’ with £ > 20 GeV

« o, ~13 mm ~E (GeV) Efficiency/energy resolution suitable for Phase 1,
time resolution needs 4x improvement for HIKE

24 layers: 48 layers: Pb 48 layers: Pb
Pb ~225um  ~2*225um 0.3X, ~2*225um 0.3X,

/—A—\/—H A f_H FY

Information from spy tiles provides
5-10x improvement in neutron rejection

Overall neutron rejection at level of 102

1X Rest material ~5-6X,

0

charged r em shower mip deep hadronic

particles @ ¢ max discrimination ' - In synergy with AIDAinnova, exploring
- \ the potential use of nanocomposite

scintillators for faster time response and

increased radiation robustness.

Also for LAV and SAC.
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High Intensity Kaon Experiments

HIKE — Summary 7.7
8119
Summary =11ANG

* HIKE-Phasel:

* Main physics goals: B
— Measurement of BR(K"™ —n"vv) at 5% precision
— Lepton universality in K'—n" "0 decays (x2 better precision)

* Build on NA62 experience:
— NA62-like detector + major upgrades
— Keep same (or better) performances at 4x intensity
— x2 signal acceptance increase from improved detector (e.g. granularity)
— Further suppression of dominant background from upstream kaon decays

* HIKE-Phase2:
* Main physics goals:
— Measurement of BR(K, —n’"(") at 20% precision
* Expected physics sensitivity:
— First observation @ > 56 and measurement of both ultra-rare decay modes
— 20% precision on CKM parameter A,

Only place worldwide where this programme is addressed experimentally.
Unique and timely opportunity to address
a strongly motivated physics case at CERN NA facility
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High Intensity Kaon Experiments

Spares
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K*—mtvy — state of the art

The NA62 experiment

- Data taking periods & intensity

NAG2 ()

X [m] E 2200?— :
o g 2000F-2016 2017 : 2018
| MUV1,2 £ W0E  11.5x102K" decays :
1- . 1800E” i ~ 50-60% nominal :
] Target KTAG GTK Mlijc 1400 : :
0 t)pp E——— 3 :
™ ‘ | HASC 50,1210 K* decays
14 CERN SPS RICH "%E . 40% nominal 6x102K- d
protons IRc Dump 600 : 2. ecays
] Deca 400~ / i~ 60-70% nominal
—,—f,’ T T T T 1(.)0 T T T T 15.0 2(|)0 250 AI.JDQ_‘IE Dec.18 Apri17 Aug‘ﬂ Dec".1:7 Apr|18 Aug;18 Dec 18
0

Primary beam:

* 400 GeV CERN SPS protons
Secondary hadron beam:
K* (6%) / n* (70%) / p (24%)
p=75GeV, Ap/p~ 1%

Decay region:

60 m long fiducial volume
Vacuum ~ O(10-° mbar)
~5 MHz K" decay rate

12/09/2023

60 x 30 mm? transverse size

Z [m]

Nominal intensity: ~ 3 x 102 POT/spill — 750 MHz hadron beam

Karim Massri — Kaons (@ CERN workshop — CERN
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K*—m'vv — state of the art

NA62 Runl (2016-2018) result 040

2018 data: JHEP 06 (2021) 093

T ooz CDwa

Background | Subset S1 | Subset S2 E 0.1 i— ?MK 2

Iy 0.23+0.02 | 0.52 4 0.05 o m - . = "....

ptv 0.19 £ 0.06 | 0.45 % 0.06 0.04 & . B ®

ntr=etv | 0.1040.03 | 0.41 £0.10 0.02 ~ seaeois

ot 0.05+0.02 | 0.17 & 0.08 0 .

Tty < 0.01 < 0.01 —0.02 ? . “ t

mOl+y < 0.001 < 0.001 Bad VI J et

Upstream | 0541039 | 2.76+9:9 BB mentam GV

Total 1.111349 | 4.31799] Expected: 7.6 signal + 5.4 background events
Observed: 17 K* —»n*vv candidates!

Combined NA62 2016-2018 data g 107 <
°; C KOTO Exclusion 90% CL
3 (N
SES - (839 = O°53syst) 8 10 . g:: 107 — Grossman-Nir Exclusion/‘/
Expected signal: 10.01 + 042  +1.19 2 F P
Expected bkg: 7.037% : o
Observed: 20 (1+2+17) events 1070 £ ETBTIESA9
BR(K'—n'w) = (10.64}  +0.9 )x 107" i

10—11|\\\|\\\|\|\\
5 10 15 20 25 30 35

Br(K*—n*v¥) x 10"
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3.40 significance, most precise measurement to date!
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K*—m'vv — state of the art
NA62 Run2 (2021-2025)  "A6%Q

NAG62 recommended by SPSC and approved by Research Board until LS3

New ANTIO

Improvements in NA62 Run2:
* DAQ stability improved: run at higher beam intensity (70% — 100%
* Rearrangement of beamline elements around GTK achromat

Added 4" station to GTK beam tracker

Additional veto counters around beam pipe

(both upstream/downstream the FV)

New veto hodoscope upstream of decay volume (ANTIO)

New hydrogen-filled Kaon identification detector (CEDAR-H)

to reduce material along the beam line (since 2023)

New upstream veto

)
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