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this Seminar (an experimental view)
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K decays & SM violation (LU test, LFV/LNV, exotics)

@ CERN
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Rare Kaon Decays and CKM

Oyy

\a
Ks—m

KL N T[O)/)/ > <= KL - T[Ol+l_ — N

s P

Ks > u*u~

K, »m

07+~

K, - yyl*l

(0,0 (1,0) (1.4,0)

p
A— f
l t Ky~ * 17y
Kin=vyy <— K ->pu'py~ =< K s> 1717171

| KLs > ete utu”

17/05/2021

Giuseppe Ruggiero - Seminar U.Chicago
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K — Tmtvv: the Subject

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

Very clean theoretically: SD dominated. Hadronic matrix element « B(Kj3) (precisely measured)

SM predictions [Buras et al. JHEP 11 (2015) 33]

Vel \*% 7 v 074
+ +17) = (8.39 + 0. .10-11 ( ) — (8.4 + 1.0) - 10~11
B(K* - ntvv) =(8.39+0.30) - 10 <0.0407) 73 20 (8.4+1.0)-10

|Vub | 2 |Vcb | ? sin 14 ’
B(K, - n°v7) = (3.36 4 0.05) - 10~11 ( 22 = (344 0.6) - 10~
(K = mvv) = (3:36 £ 0.05) <0.00388 00407) \sin732¢) = (34+06)
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K — Tmtvv: the Subject

e FCNC loop processes: s—d coupling
and highest CKM suppression

e Very clean theoretically: SD dominated. Hadronic matrix element « B(Kj3) (precisely measured)

 Experimental status

K* - m*vi  BNLE787/E949 (1995-2002) B = (1,73f%%§) X 10710 [Final, all data] PRD 77,052003 (2008); PRD 79, 092004 (2009)
CERN NA62 (2016 - present) B < 1.78 x 1071°909% CL [2016-17 data] rLs 791, 156 (2019); JHEP 11, 042 (2020)
this seminar [2016-17-18 data]

K, » n%vv  KEKE391 (2004-2005) B <26 x107°90% CL [Final, all data] PrD 81, 072004 (2010)

JPARCKOTO (2012 - present) B < 3.0 X 107°290% CL [2015 data] PRL122, 021802 (2018)

B < 4.9x%x107°90% CL [2016-17-18 data] PRL 126, 121801 (2021)
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K — 1tvv: the Plot

* High sensitivity to NP (non MVF): significant variations wrt SM possible
* Model-dependent correlations of possible variations of K+ and K, BR
* Weak constraints from other flavour observables

Not-SUSY models see also arxiv:2006.01138 LFU violation cric(2017)77: 618
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K™ — ™ vv Today: VNA62,

~200 participants: Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax (GMU), Ferrara,
Firenze, Frascati, Glasgow, Lancaster, Liverpool, Louvain-la-Neuve, Mainz, Moscow (INR), Naples, Perugia,
Pisa, Prague, Protvino (IHEP) , Rome I, Rome II, San Luis Potosi, Torino, TRIUMEF, Vancouver (UBC)
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NAG62: the Experiment

E )
;’ 2
MUV],2
1]
Target KTAG GTK ngg
0 ——{aamman CHANTI Vacuum i
|\ HASC
11 400 GeV/c L' l
| SPS protons Decay Dump
2 - =~ Region — IRC
—iF T T T Y T T y T y Y ' T y >
0 100 150 200 250
Z[m]
Beam Intensity 19 — 22 x 10! ppp (450-550 MHz @ GTK3)
Incoming K*, 75 GeV/c, 1% rms Timing KTAG, GTK (g,~70, 90 ps); momentum by GTK
Outing ™ Timing RICH. CHOD (a,~70, 200 ps); momentum by STRAW
y/multitrack veto LAV, LKr, IRC, SAC
Particle ID RICH, LKr, MUV1,2,3
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Main K% decays
K* —» m*n(y)
K™ - u*v(y)
Kt -t~

Kt >t etv

K™ > v @ NAG2:

Branching ratio
0.2067
0.6356

0.0558
4.25-107°

2

(UT,,,) (d/dm2_ )

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

miss

the Method

(0(100 ps) Timing between sub-detectors

> 103
> 108
> 108
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Muon suppression

Kinematic background suppression

n® (from Kt — ™ n®) suppression

5_'_"|"'|"'|"‘|"w'|"'|'"|"'|"'|'

.04 0

K*—mn’(y)

Px

Kinematic suppression:
2 _ 2
Mniss — (PK+ - Pn+)

P, -+

15 < P+ < (35)45 GeV/c

Particle ID (u — m separation)

Photon veto

0. 08
m2.  [GeV%/c?]

0.12

Si — tracker + Cherenkov counters
Low — mass spectrometers (0.5% X))
Calorimetric & Cherenkov particle ID

y detection inefficiency < 107° (E, > 10 GeV)
P+ < 45 GeV/c - n° energy > 30 GeV
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K* - mtvw @ NA62: the Analysis

Selection = -

K*- + matching (Straw — GTK — KTAG - RICH) P 4
K* decays in the decay region % 0.08 ;— 1
1t identification (Calorimeters - RICH) E 0.06 —

y / multi-track rejection (calorimeters, hodoscope) 0.04 f— _§ 10’
Background in signal regions 0.02 : -
K% decays in decay region: ttn®, utv, ntn~etv 0 ={Control regions] 10
Accidental T* from the beam line 0.02 - fng;ﬁl

Mostly data — driven predictions, control regions 0.04 - MY s = |-. I 10
for validation 0 10 20 30 40 50 60 70

Single Event Sensitivity (S.E.S.) Procedure 7" momentum |GeVic]

0

Effective number K% decays from Kt - n'rr Analysis in 5 GeV/c wide bins of 7™ momentum

Signal efficiency Counting of the observed events in signal regions
* Monte Carlo (acceptance)

) - Branching ratio from fit in momentum bins and years of data taking
» Data (trigger efficiency, random veto)

Blind analysis
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K™ - vV @ NA62: the single event sensitivity (SES)

Normalization

+ ata0) . « . > 1g
SES — BRIAT =7 ) Anr acceptance e B
. — - PNN w 09 =
/ D * il\llﬂ'ﬂ' . ER\T ‘_ITIJL’ ) trlg \ 0.82—
Minimum bias  Normalization l Signal trigger 0'75_
trigger events from Signal efficiency ~90% 06
downsca“ng minimum bias acceptance 0.5 ;—
~6.5% (2018) 0.4
v 0.3 i— - Photon + multiplicity rejection
e Signal loss probability resulting from random veto induced by 0.2 — : Esze':;e'em'o"
photon rejection/extra particle rejection due to accidental activity 0.1 LAV veto
i Estimatedfromdata(K+Hu-i-v) 0:IIII|IIII|\III|IIII|I\II|IIII|IIII|IIII|IIII|I\II
0 100 200 300 400 500 600 700 800 900 1000
* Dependent on the beam intensity; 2018 data: {ezy) = 0.66 + 0.01 Intensity [MHz]

SES (2018) = (1.1 + 0.1) x 10711 = N*P (2018)~ 7.6

TTVV

SES (2016 + 17 +18) = (0.84 + 0.05) x 10711 = NP (2016 + 17 + 18)~ 10
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K™ - m" vV @ NAG62: the Background (2018 data)

Channel Background
mtm® 0.75 + 0.05
utv 0.64 + 0.08
ntn ety 0.51 + 0.10
ntntn~ 0.22 + 0.10
ntyy < 0.01
Oy < 0.001
Upstream 3.30%572

Total (2018)

5.42% 5792

Total (2016+17+18)

7.037395
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Kt - ttvww @ NA62: ¥ Background
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Minimum bias K* — ¥ n® data
to study the tails of the m2
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K™ - t"v @ NAG2:

Target KTAQ SAC

15t Straw

y
[ Collimatpr Chamber
e | A Decay region
In-time pileupy __Achromat | fICkH trapo Fake d¢cay
b icle. Y (<8¢ reco tion vertex
eam particle | EL\J\-'”QEtf‘i‘E‘Lon Y
+ 'Ii — o F o oo——==o) _>
K™ (75 GeV) 1| | mt(< 35 Gey) T
|- I
\ !
\ —_— | | __’

Upstream Background

K™ decays/interacts along the beam line

. Secondary m* downstream
- Beam elements block additional particles

. 1t scattering in straw chamber 1

- Pileup beam particle tagged as K+H

v v
Count events on data with Estimate the probability to
inverted K — m matching occur from data/simulation

Estimated events
in signal regions
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K™ - t"vv @ NAG62: the Result

2018 data: 2017 data: 2016 data:
17 candidates observed 2 candidates observed 1 candidates observed
1) E - 2018 Data
T 0.12 ‘ SM K* vy
=5}
S 01 JHEP 11, 042 (2020) PLB 791, 156 (2019)
F 0.08 : 2wl + Dua ThrE o
F z  f -.}mm‘ K" -» mwMC ‘“'; 0.1 — . 1K' - mtwMC
& = s ~ ) - s,
0.06 : e S5 °F . 2,008 e .
[ e ° o E 005 — +£0.06 i—
0.04__ C o . oo E mlﬁw L 1] 'ni'v' ‘el ,-_1..'-. w® o, 0.04 ;*
0.02 ittt ooy s 'E _..,.,.,,,W 12 et
L . B . e 0
07' 0.05 :— -0.02 ;
002 p{ ’ AELLER E -0.04 =
: - 01 e ] 006 T I
C . 10 15 20 25 30 35 40 15 20 25 30 35
—0.04 __ . T momentum [GeV/c] 7" momentum [GeV/c]
Elovooa b b b b e
15 20 25 30 35 40 45
7t momentum [GeV/c]
Y ‘ - ' —11 exp _ \TEXP = no+1.05
SES = (0.830 + 0.0534s) x 1072 NEP = 10.01 + 0.42455 £ 119, Niaeground = 7-0376%.
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K™ - t"vv @ NAG62: the Result

3.40 evidence for Kt - wtvv

BR(KT — 7tvr) = (10675 stat & 0.9syst) x 1071 at 68% CL  aniv: 2103.15389, accepted by JHEP

4 ~ 107% £
10 = V | Camerini l> -
_E 5 — 4 Experimental upper limit @ 90 % CL % B KOTO Exclusion 90% CL
T 10 = ®  Experimental measurement rl\ —————————————————————————————————
+M . i Yy Kiems .| Theoretical prediction M.J — I
g 10 = y  Cable E 10? — Grossman-Nir Exclusion //
1 0_7 ;7 VW Asano E
- A\ E787 - //
-8
10 = v v NA62 Run1
10_9§ E787+E949  NAG62 107" E E787/E949
107 i -
s | .. | | | - SM
10 | | 1 1 | 2 SRR KX | | | | | | | 1 | |
1960 1970 1980 1990 2000 2010 2020 10_11 [ — | L MRl | | [ I [ I | [ I | L1 1 0l | [ I
Year of Publication 5 10 15 20 25 30 35

B(K*—ntvw) x 101
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K — 1tvv: the Plot

* High sensitivity to NP (non MVF): significant variations wrt SM possible
* Model-dependent correlations of possible variations of K+ and K, BR
* Weak constraints from other flavour observables

Not-SUSY models see also arxiv:2006.01138 LFU violation cric(2017)77: 618

20
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10° x BR(Bt — K**vp)

A or Ap only:
NP 2

BR(K* — 7v¥) x 101

@ lo 10" x BR(K' — nwp)

A, +A5| XA ;
- General NP oc —=——f£ £ MI;,, e E949/E787 @ 10
15 20 25 30 N S S R S S8 S
E949/E787 0 10 20 30 40
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M
o

BR(K, — z"7) x 1011

K — 1tvv: the Plot

High sensitivity to NP (non MVF): significant variations wrt SM possible
Model-dependent correlations of possible variations of K* and K; BR
Weak constraints from other flavour observables

Not-SUSY models see also arxiv:2006.01138 LFU violation cric(2017)77: 618

10° x BR(Bt — K**vp)

20 25 30 (1) S N B EETEE T RO SR

NA62 0 10 20 30 40

BR(K* — 7v¥) x 101

@ lo 10" x BR(K' — nwp)
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Rare Kaon Decays and CKM
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Rare Kaon Decays and CKM

[ K, - vy 1
Ks - 7O+ \

KS - 7'[0)/)/ > <= KL - T[Ol+l_ — N

o /
(0,0) (10) (14,0)

P
e r
l 1 K, - ¥y
K= yy +— (K, - ptu s> < K g— I

K, - yyl*l

| Kis >eteputu”
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K° - putp~

Long distance (LD) Short distance (iSD) [example]
_ W
d L pnt ¢ d . AVAVAVAVAVL - T
y F\Jm)
r_\er_,'
K° < . K%<
V‘Lﬂkﬂ
5 4 e ‘8 > AVAVAVAVAVE ¢ B
W=

2 2
+, - | LD SD | | SD | ~|2 Buras, and Fleisher, Adv. Ser. Direct. High Ener
ﬁ — ’ ’ g gy
B(K, = p u )sy < |A[” +A7° |, |AL o |1 =P Phys. 15, 65 (1998)

2
B(K;, = U U )meas = (6.84 £ 0.11) X 10_9~|AiD| PRL 84, 1389 (2000) [B871]

B(Ks — utu)gy = (5.0 £ 1.5) x 10712 o |A5P + A§D|2, A§D|2 « |77]? ~0(10713), 1% theory error

2
. +,,—. SD D’Ambrosio et al. PRL 119, 20, 201802 (2017), JHEP 05 024 (2018)
— % 7 7 7
Ks; — K; interference —» u™ u™ : allows the measurement of |AS | ety Ghosh Groseman, Schacht aniy 210406427

B(K, » u*u~), B(Ks » utu~) +time dependent rate measurement
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ECAL HCAL

Kaons (@ LHCDb

LHCb: 1 strange hadron / event produced at 13 TeV Magnet L RICH2 A N

M4 M5

Production rate compensates low trigger efficiency
and long lifetime

Vast K program [mainly for Run3]
Ksp — utu”

Ks — mou*u~

Ks > utu utu=(ete™)

Ki »ninete”

Kt - atl*l™

Arbitrary units

107

10°

L Y

107 =
0

Present result from Runl + 2 T W B Y gl
B(Ks » utu) <2.1(2.4) x 1071°@ 90 (95)% CL  PRL125, 231801 (2020)
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Rare/Forbidden K Decays: Test of Lepton
Universality and Explicit SM Violation

Test of lepton universality: K* > ntutu~vs KT > ntete™, (Ry = T(Kt - e™)/T(K* - u*v))

Search for LFV and/or LNV (before ICHEP 2020)

PDG 20

LFV mode 90% CL upper limit Experiment Yr./Ref. Type
Ktaoxte v 1.3x107 1 BNL-865  2005/Ref. [15] LFV
5.2x10~ 10 BNL-865  2000/Ref. [16] LFV
K — pe 4.7x10~ 12 BNL-871  1998/Ref. [17] LFV
Kp—rlep 7.6x10 1 KTeV 2008/Ref. [18] LFV
K —mm%pu 1.7x10—10 KTeV 2008/Ref. [18] LFV
Kt —sretet 2.2x10~10 NA-62 2019/Ref. [19] LNV
Kt—aputut  4.2x10°H NA-62 2019/Ref. [19] LNV
K*—satu~ps  8.6x107 1! NA48/2  2017/Ref. [20] LNV
Kp—etfeyTu®™ 4.12x10°11 KTeV 2003/Ref. [21] LNV
& =rpted  5.0x107 1 BNL-865  2000/Ref. [16] LNFV

—

Search for feably interacting particle production: K* - I[N, Kt - u™vX, KT - n*X

17/05/2021 Giuseppe Ruggiero - Seminar U.Chicago
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K-> na 'l

WO

-
Ll I|_|'
L4

Vo
“A

\l:‘r:

T(p)

LD dominated, mediated by K™ — ty*

Differential decay rate: dl'/dz « GzM%(a + bz) + W™ (2) z =m(u*,u*t)?/Mg

Form factors (FF) K3 loop
(non pert. QCD) term

Lepton Flavour universitality (LFU) predicts same a,b forl = e, u
Difference correlated to possible LFU in B sector Crivellin et al. PRD 93 074038 (2016) D’Ambrosio et al. JHEP 02 049 (2019)

K* - ntu*u~ FF and B measured by NA62 using data from 2017+2018
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Key feature:

K™ > u™u @ NAG2

- precise track reconstruction

107§IIIIIII!\'
= NA62 Prelimil

6l -

400 420

nary

—e— Data

[ K »nne'v,
[ | K+—)T[+1t_].l+\'u
BK ->nrrny
K »nnn
B K =t pep (y)

% | IIHHIi LLii Lo RN 111

|
440 460

| |
480 500 520
m(rup) [MeV/c?]

Analysis strategy

Signal and background

.  Normalizationto Kt » ntntn™ .

- Fit to z spectrum to extract FF .

N(rtutu=)~28 x 103
Background < 0.1%

Result (preliminary): a = —0.592 + 0.013,4, £ 0.007,,5; + 0.001 4,
PoS(ICHEP2020) 364 b =—0.699 + 0.0465.4; £ 0.0355,5 + 0.003,,
B = (9.27 £ 0.075¢q¢ + 0.085y,5¢ £ 0.04,,,) X 1078

NA62 Preliminary

E865, K, (1999)
10300 events

NA48/2, K __ (2009)
7253 events

NA48/2, an (2011)
3120 events

28011 events
1| | |

NA62, K_ (2020) —
T

this result G_._)

NAG62 Preliminary

E865, K__(1999) .-
10300 events

NA48/2, K _ (2009) ——
7253 events

NA48/2,K_ (2011) o
3120 events

NAB2, K (2020) — this result ——
28011 events <~/’

-0.9 -0.85 0.8 -0.75 0.7 -0.65 0.6 -0.55

Form factor parameter a

T T YT T T Y L1 L 1
8 16 14 12 1 08 06
Form factor parameter b

-2 -
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22

Giuseppe Ruggiero - Seminar U.Chicago

28



LFV & LNV @ NA62: K™ - mue

Forbidden SM, possible in NP scenario . . "
| R N T a
E.g. mediated by leptoquark Y1Q
[JHEP 12(2019) 089], [NPB 176 (1980) 135]
I ly
. . _1
Experimental key-features: particle ID =) 10 3 &=t misiD Data —Model
(calorimeters), precise track reconstruction ig - ntmet misiD Data —Model
a
o2 prelty
Background: E 1 1T \
K* — 3 charged particles + 2 I i M ; +
N b
mis-ID e* & ¥ (0(%) data-driven estimation) + S 402l 1]
=
¥t decay in flight
%MWW Lo i Mm‘_m
ry L
Normalization: K* - ntn*n™ 40 20 0o 20 40

Track charge x momentum [GeV/c]
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LFV & LNV @ NA62: K™ - mue

Signal and Backgrounds: K™ — 77 pTe’ : npe =1.07+£0.20, nops = 0;
KT s ap~e™ @ np, =092+£0.34, ngps = 2;

™ — pTeT 1 npy =0.23+0.15, ngps = 0.

~10°F $ Dat 115
(o) . N, E ata 10°= $ Data
Results (90% CL): S B o DL .
- _ _ § E_ K'—=n*nety § L K* ety
B(KtT - 7nptet) <42x 1071 = I [ P S0 o
. _ . 210 3 K ortee E 3 ;_ Il K —re'ey]
B(KT - ntu~et) < 6.6 x 10711; 8 B < onvere 510 — P
10° Y T T w, o e
0 — .+ —10 g 10°E K'—evu'n
S(ﬂ_ — Iu’ & ) < 3.2 X 10 . = K'—efvuru- E [ Total uncertainty
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K decays & exotic particles (@ NAG2

Heavy Neutral Lepton production: KT = [*N,l =e, u

Experimental key features: precise track reconstruction, y veto, particle ID

. . T

Analysis technique: peak 0
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reconstructed N mass N

: S

spectrum, scanning several <

N mass hyptoheses

Eve_qts /
DLTI

Background: data-driven
evaluation from the mass
spectrum exptrapolated in

4
the search window 10

Normalization: acceptance
from simulation, kaon flux
from K;, peak

— Data

- nTe’y
I:l K'—e'v - AT

0.05 0.1

0.15 0.2
m2,, [GeV?/c?]

10°
10°

107

-01

§_ ....................................................................... Data

: ] K omv(y)

NN U R O {(non-Gaussian tail)

g [ ] K oprviy)

I NURRY [ S [ IK—rrn

= [ K —snuv

- [ ] Uncertainty on the

g_ .......................................................... estimated background

-0.05

0 0.05

mE

miss

17/05/2021

Giuseppe Ruggiero - Seminar U.Chicago

31



K decays & exotic particles (@ NAG2

Heavy Neutral Lepton production: KT = [*N,l =e, u

Experimental key features: precise track reconstruction, y veto, particle ID

Analysis technique: peak
search over the
reconstructed N spectrum
scaning several N mass
hyptoheses

Background: data-driven
evaluation from the mass
spectrum exptrapolated in
the search window

Normalization: acceptance
from simulation, kaon flux
from K;, peak
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K decays & exotic particles (@ NA62

NAG2 (K_,)

NABZ (K )

iv 2015 data
‘ NA62 (K,,)
2016-2018 data

| PIENU (x,,,)

NAB2 (K_.)
2016-2018 data

50 100 150 200 250 300 350 400 450
HNL mass [MeV/c]

Productionof X in K* - u*vX

Search of data excess in a broad off-peak mass region

Background from simulation

—#=— Scalar X model

PLB 807 (2020) 135599
PLB 816 (2021) 136259

-8 ‘Yactor X model

—
S
(%)

Upper limit of BR(K*—u*vX) at 90% CL
o

10—?|||Ii|||IillIIi||||i||||i||||i||||i||
50 100 150 200 250 300 350

Assumed X mass [MeV/c?]

17/05/2021

Giuseppe Ruggiero - Seminar U.Chicago 33



K decays & exotic particles (@ NAG2

X particle productionin Kt - ntX Experimental key features: spin-off analysis of K™ —» ¥ vv
‘ﬁ':‘ - —+- Data KW
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K decays & exotic particles (@ NAG2

X particle productionin Kt - ntX Experimental key features: spin-off analysis of K* - wtvv
03 %107 arXiv: 2103.15389
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K decays & exotic particles (@ NAG2

X particle productionin Kt - ntX Experimental key features: spin-off analysis of K* - wtvv

107

arXiv: 2103.15389, accepted by JHEP

-
o1
Analysis technique: peak search using E

miss = (Dx — P1)? as observable, for 10~

several X mass hyptoheses

107
Background: from K™ —» wtvv 1076
analysis with modelling of the
m2;.. + KT - mtvvitself from
simulation 1077
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K" = n* +inv. :?:0 — inv.
107! 1

2
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Present (@ CERN

LHCb (Run1-2)

NA62 (Run1)

-8
Flavour & NP o 107 E
°; C KOTO Exclusion 90% CL
K, — vy 2
0
Ks = ot \ % 10~° | Grossman-Nir Exclusion //f
K; — n'oyy -— K - TOT]™ E
KL . }/V[Jr[* : ,/
. / B NA62 Runi
Koo pu 1070 £ E787/E949
l t Ki = 'y i
KL - Yy = KL - ,u+,u._—> KL,S d l+i_l+l_ |
KLlS - e+ei#+#7 10_11 1 | 1 ‘ 1 | | | ‘ 1 | | 1 | | | | | | | 1 | | | | 1 ‘ 1 | | 1
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< e e . B(K"—>ntvwv) x 10"
LU Test and Explicit violation of SM ( )
K* > w1t LU conservation test O(%)
K = LNV /LFV: Single event sensitivity 0(10711)
K — Exotics: Single event sensitivity 0(1078 = 10711)
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K* - ntyu:
0(40%) measurement (NA62)

Ks - ptu™:
Sensitivity O(1071%) (LHCb)
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Future (<2025) @ CERN

NA62 (Run2) LHCb (Upgrade phase 1)
Hwd improvements - New trigger
Flavour & NP 107 ¢ e
g < : .\C’g\)( Kt - ntvv:
K, — movv T, L , \ep 0(10%) measurement (NA62)
~ \A e 9 5\‘0
Koo oL . & 107 = ?os
ﬁiifyl’i}“ I z Ks — u*u
7 - KOTO step-1 (1 SM expected, 1 observed) 90% CL Sensitivity O(1011) (LHCb)
Kooty 1071 ;/- —————————————————————————————
l 1 K - I*ly i E K*->mtvy o(B)/B=10% K¢ — mw0lt]™:
- — S uty — e = YT B o — -11
o oz Z'S_fefel#i# » | 5| | (B=11x10 | ) 0(20%) measurement (LHCb)
10 5 10 15 20 25 30 35
+ +y 11T 11
LU Test and Explicit violation of SM BUKToTVY) > 10
KT - 1717 LU conservation test O(< %)
K — LNV /LFV: Single event sensitivity 0(10712)
K — Exotics: Single event sensitivity (1078 = 10712)
Ry 0(0.1%) measurement (NA62)
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Scan of the intensity

Future (< 2025): NA62

SPSC approved the NA62 run until LS3 [0(2024)]
2021 NA62 run scheduled mid-July — mid-November

Warm-up run to commission new hardware

Find the optimal run working point, hopefully 30% higher than in Runl («nominal intensity»)

Hardware modifications

[

In-time pileup
beam particle

tracker station

4th beam T

— N
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-
L
.

Fake de
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Expected upstream background reduction X 5

Veto counter to
detect upstream
events

Improved photon veto at
small angle downstream
against

17/05/2021

Giuseppe Ruggiero - Seminar U.Chicago

39



Future (>2025) @ CERN

Kaon facility LHCb (Upgrade phase 2)
Kt/K"Y . Hwd upgrade
Flavour & NP -
< - .\C’g\)(e K* - nTvv: (K facility)
K, —» vy T_] i ) \60 0(5%) measurement
~ \A e 9 5\‘0
Kg - o1l g 107 = OS///
K, - 7y }4— Kozl —> C ? — K, - n®vv o(B)/B =20% K - u""u_: (LHCb)
K, - yyl*l- B (B=2XBgsy) eie .
Vel - | SM Sensitivity
Kg o utu” 1070 5
- H
| t o [ueery ; K omw oB)/B=5% | Kg > mOL*I7 (LHCb)
Koy o= Kowe— ?'S;’ifelui# - (B=11>10""0) precision measurement
LS 10—11|\\\\|\|\\|\|\\||\lll\\\l\

5 10 15 20 25 30 35
BK'-mtvw) x108 K, = mvi: (KOTO+K facility)

LU Test and Explicit violation of SM 0(20%) measurement

KT - 1717 LU conservation test O(< %)
K — LNV /LFV: Single event sensitivity 0(10712)
K — Exotics: Single event sensitivity (1078 = 10712)

Ry 0(0.1%) measurement (NA62)
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K; - Pl 1™ (K facility)
SM Sensitivity at least
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Future (> 2025) @ CERN: K - facility

K* — K; integrated «high intensity» beam in North Area (SPS)
New targets; beam line elements and shielding upgrade

NAG62-like experiment at X 4 intensity (at least) for KT - ntvv
Improved time resolution (O(25 ps)) to reduce random veto
Mantain key performance at high rate: space-time reconstruction, low material-budget, photon-rejection
Synergies for detectors with collider projects (e.g. New generation silicon pixels for beam tracker)

KLEVER for K; - nvv

10'3 K; decays / year @ 10 proton on target / year (100 effective days)
New / refurbished e.m. Calorimeters
No tracking

Experiment for K; - w°l*1~, K, /Ks —» utu~, Lepton — flavour violation in K; decays

Tracking and PID of K experiment, KLEVER-like calorimeters
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Conclusions

Rare kaon decays are among the most sensitive probe
of NP at the highest mass scale, and are addressed at
CERN with the NA62 and LHCb experiment

K" > v

K > 1’V

Kg - pru”

K. —>p'p

K, > ne’e”

K - (TR

K* — mtvvis entering the era of the precise branching ratio measurement with the NA62 experiment

Kaons decays can probe NP through: test of lepton universality, search for LFV/LNV processes,

search for exotic low-mass particles

Kaon physics at CERN is officially scheduled up to 2025

A Kaon facility for K™ and K; at SPS is under study [PBC workshop 01/03/2021, Snowmass 2021 RF0-010]
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Tracking (@ NAG2

«kaon» [Gigatracker] «pion» [STRAW]
3 stations Silicon pixel 300 X 300,um2 . 4 Stations, 7000 straws, @ 10 mm
Time resolution o(t) < 150 ps / station - Total radiation length 0.5% X,
«4D» track reconstruction - Spatial resolution ~80 um
Rate (2017) ~400 MHz hadrons - Rate (2017) ~5 MHz (mostly u)
Y4 ¢rK1 GTK3

35m
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K - Tt Matching (@ NAG2

- KTAG — Gigatracker — RICH Time matching
- Gigatracker — Straw tracks closest distance of approach (CDA)

. O(%) K* mis —identification (pileup beam track associated to m*
. 75% K* - mt efficiency
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17 m long, Ne Radiator, sealed
2000 PMs’ in 2 spots

Array of exagonal mirrors

0. resolution ~100 urad
Particle ID: pi — mu separation

Timing

RICH @ NA62
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Photon Vetoes (@ NAG62
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