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V. CKM unitarity, gauge universality

At present, first-row condition gives most precise test of CKM unitarity

Vol VP ~ V2 + Vi = 1= Ackm

~2x107°
From 0* — O* nuclear f decays: 2|V oV, ,=0.0004
From K,; and K, decays: 2|V oV, =0.0003

Sensitive to new physics at 10-TeV scale

Model independent effective-theory approach  Cirigliano, Gonzalez-Alonso, Jenkins '10
Gonzalez-Alonso, Camalich '16

Effective Lagrangian for u ~ 1 GeV 2
with general set of dim-6 operators gd i = g;ff Sl\é + 5 ;ff*NZ_
giving rise to (semi)leptonic transitions ‘ RV A TR

Consider the flavor-blind limit (or similar: minimal flavor violation, etc.)
New physics appears as a small difference between G\ and G,

2
a® L o® o ¥y _ GckMm
Ackm =2 Az( Qg T Olgg — Oy, + 0y ) = Gy —1

At > 10 TeV
_ 3 NP
For Ay known to ~ 0.5 x 10 (90% CL)
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Determination of V  from K, data

C2G2m3 0, -
F<K€3(’y)) — 11<921;3K SEVV‘Vus’2 |ff . (Oﬂz
SU(2
with K € {K*, K%); ¢ € fe, u}, and: X Ige(Akr) (1 +2A% ( )+2A1E<124)

C? 1/2for K, 1 for K°
Sew  Universal SD EW correction (1.0232)

Inputs from experiment: Inputs from theory:
'K 73 )) Rates with well-determined fi Koﬂ_(()) Hadronic matrix element
/ treatment of radiative decays: (form factor) at zero
. Branching ratios momentum '[I’anSfer (t = O)
- Kaon lifetimes A KSU(2) Form-factor correction for

Lo ({2} /) Integral of form factor over SU2) breaking
phase space: is parameterize A © {)EM Form-factor correction for
evolution in ¢ long-distance EM effects

« K,:Only A, (or 1./, A.")
* K ;:Need 4, and 4,

Data from BNL865, ISTRA+, KLOE, Hadronic constants from lattice QCD
KTeV, NA48, NA48/2 (2003-2008) See 2017 FLAG review
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1V | £.(0) from world data: Update

Vsl £(0)

0214 0216 0.218 % err
K,e3 0.2163(6) 0.25
K,u3 0.2166(6) 0.28

K3 0.2155(13) 0.61

K*e3 0.2171(8) 0.36

*u3 0.2170(11) 0.51
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N,=2+1+1: Fit to results for IV, I, IV,
£.(0) =0.9704(32), f./f, =1.1933(27)

V. and CKM unitarity: All data

0

v Ny, »

IV, | =0.97420(21)

Vs [ 68%CL ellipse
- Without scaling S = 2.1
d
0.226 | gV
" fit with
fit = unitarity
0.224 |
" 2
c
3.
0.222 s,
Vud - <
P T T R T R |
0.965 0.97

IV, | =0.2231(9)
v, IV, | = 0.2308(6)

Fit results, no constraint

With scale factor § = 2.1
V,.,=0.97418(43)

0.975
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Experimental outlook for V',

« Uncertainty on V' still (slightly) dominated by hadronic constants
Continuing to see impressive progress on the lattice!

« Good prospects for new round of experimental results to reduce
uncertainty on |V | £.(0) from current 0.18% to ~0.12% within 5 years

NA48/2 K" BRs and form factors

-» NA6G2 Runs through 2018

ISTRA+ K" BRs and form factors

-> OKA Runs through 2018

KLOE Can measure all observables: BRs, s, FFs: K%, K, K
-»> KLOE-2 Runs until 03/2018: 2.4 fb-' KLOE + 5 fb~' KLOE-2 data
LHCDb Proven capability to measure K decays to muons

Can LHCb measure BR(K — muv) to < 1% in Run 11?7

KEK-246 Main focus is BR(K /K ,)
-» TREK E-36  KEK-246 measured BR(K /K ;) and K ; FF
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Rare kaon decays

Decay [sp/T Theory err.  SM BR x 10™ Exp. BR x 10"
K, —» ptu 10% 30% 79 =12 (SD) 684 + 11
K, — nlete 40% 10% 35+ 10 < 28T

K, » n%uwu 30% 15% 14 +3 < 38T

K™ — wvy 90% 4% 84+1.0 17 £ 11
K, — 7w >99% 2% 3.4+0.6 < 2600t

*Approx. error on LD-subtracted rate excluding parametric contributions 190% CL

FCNC processes dominated by
Z-penguin and box diagrams

Rates related to V,, with
minimal non-parametric
uncertainty

BR(K, — nvv)
BR¢p (K, — 7))

Vckm Overconstrained: look for

NP in specific channels
P BRgp(K;, — uu) Cha' P Re
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Rare K, and K decays
K, s = nu

LD amplitude from 2y exchange dominant
BRg(Kg — p*u) = (5.2 1.5) 1012

« Significant uncertainty from unknown
sign of interference between K, and K
amplitudes

U

LD 2y exchange M « Measurement of K¢ BR improves
amplitude for K, — uu accuracy of theory prediction for K, BR

« NP contribution to BR(K¢ — x*u") could

be as high as 10"
s — T °

Theoretical uncertainties from LD physics
« SD CPV amplitude: y/Z exchange

« LD CPC amplitude from 2y exchange
* LD indirect CPV amplitude: K, — Kj

¢~ Probes helicity suppression in FCNC decays

CPC LD 2y exchange Can look for LFU violation, like for B — K¢¢
amplitude for K, — #%¢¢
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Rare K decays with LHCDb

* 103 K/fb~" produced in K¢ — uu
LHCb acceptance

10?

BR < 0.8 x 10-° (CL90)
« Use only “long tracks” to 3 fb-1 2011-12 data 1

reconstruct K EPJC 77 (2017) i
40% decay in VELO region

LHCb -
TOS,, bin 10 ]

X

0

Combinatorial bkg —¢"¢ A\

|
i Upslrcanll track 7Z.+7l.f m I S- I D 1072 AT
I

TT

v 500 550 600
“ Longtrack Ttrack |_ 4T M(/lﬂ) [MeV]

T —
VIS, g — o @
—~~L_ - S 71' ﬂﬂ 2 N PARTIA;Lchannel 1
T1T2 T3 LHCb Pub 2016-017 ﬁ o
* Main limitation: Sensitivity study: o
HW trigger eff = 2.5%  TIS selection (‘Dj )
« Good  identification and » 7 not required
mass resolution Improvement on NA48/1  ob—r—r — —————————
result is possible in Run 3 &yig'Lint [MeV]

NA48/1 PLB599 (2004)
BR(K; — 7'uu) = (2.9+15_, ,+0.2) x 10-°

Kaon physics — M. Moulson (Frascati) — GDR-InF Workshop — CERN, 2 February 2018 10



K — mvv in the Standard Model

FCNC processes dominated by Z-penguin and box amplitudes:

wod

<l
<l

\% V
Extremely rare decays with rates very precisely predicted in SM:

« Hard GIM mechanism + pattern of CKM suppression (V,,"V,,)
* No long-distance contributions from amplitudes with intermediate photons
« Hadronic matrix element obtained from BR(X ;) via isospin rotation

SM predicted rates Experimental status
Buras et al, JHEP 1511~

BR = (17.3 +115_,, ;) x 10~
K*— #tvy BR = (8.4 £1.0) x 10" Stopped K*, 7 events observed
BNL 787/949, PRD79 (2009)

BR <2600 x 10~ 90%CL

— y = -1
K, — v BR =(3.420.6) x 10 KEK 391a, PRD81 (2010)

* Tree-level determinations of CKM matrix elements
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K — wvv and the unitarity triangle

Dominant uncertainties for SM BRs are from CKM matrix elements

2.8
+ + — o —11 ’VCb| y 074 BuraS et al,
BR(K+ — 77 vv) = (8.39+0.30) x 10711 [W] |55 JHEP 1511
_ _ Vil 12 [ Vel 17 [ siny 17
BR(K; — nvv)=(3.3640.05) x 1071 Ve = :
(K= mvv)=( ) [3.88 X103 | 10.0407] |sin73.2°
Intrinsic theory uncertainties ~ few percent
1.5 T T | L T T T°1 T T 11 T T 1 T T TT1
Measuring both K* and K, BRs can it st 05 e (NA6|2) ]
determine the unitarity triangle b | 9
independently from B inputs o umenamm\é\A :
* Overconstrain CKM matrix — reveal NP? Phase 2 h
N ‘ K Smovv (KOTO) ol
C - Phase 1 / i
(3 L N 7 ]
®® B ]
() 0.5 § =
< " Hypothetigal CKM fitto K — mvv ]
c 3 - 10% mmts for K" and K, ]
m o -1.0 - =
@ B % Prospective study on rare Kaons
BRSD(KL —> ﬂ+ﬂ_) H_I Re 1.5 I AT i R T T i e S S E AN B
charm 1.0 0.5 0.0 0.5 1.0 1.5 2.0

P
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K — mvv and new physics

New physics affects BRs differently for K* and K, channels
Measurements of both can discriminate among NP scenarios

N
(@)

. e Models with CKM-like
Buras, Butiazzo, Knegjefis f truct
JHERAB11 avor structure

—Models with MFV

e Models with new flavor-
violating interactions in
which either LH or RH
couplings dominate

—Z7/7" models with pure
LH/RH couplings

A, or Ay only: | —;Itﬂ;it Higgs with
lex |NP o« Im A%(R) / Mé/) parity

= e Models without above
\General NP o 2 +?4R2| aldl constraints
70

' —Randall-Sundrum
0 5 10 15 20 25 30
BR(K* — #*vv) x 1011

BR(K, — #'v7) x 10"
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Re ¢'/e vs BR(K, — 7'vv)

Re ¢'/¢ constrains UT in same
way as BR(K;, — #vv)
Scenario assumes:

« Lattice value for Im 4, in
agreement with expt

Lehner, Lunghi, Soni
PLB759 (2016)

e — y * o(lm4,) =18%
w7 — o(Re ¢'/e) = 1.6 x 104
e e &/ Eexp  BR(K* — 7*vv) = SM value
ool ele@20 with 10% error

-1.0

PDG average: NA48 + KTeV Calculations for Re &'/¢ x 10%
Re ¢'/¢ = (16.6 + 2.3) x 10~ Lattice: RBC/UKQCD '15 1.38 +5.15 +4.59
ChPT: Gisbert & Pich’17 157

RBC/UKQCD value is 2.1 lower than experimental value:
- Dominant uncertainty is lattice spacing (single spacing for 4,)
« Claim: Uncertainty ~10% of experimental value can be reached in ~5 years!
« Results with 2nd |attice spacing should be available sooner
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Re ¢'/e vs BR(K, — 7wv)

| Lehner, Lunghi Soni € Re ¢'/¢ c;;slt(ralnio UT in same
1 PLB759 (2016) way as BR(K; — ='vv)
>t BR (K, — ) Scenario assumes:
200 QM vélue \ « Lattice value for Im 4, in
M5 10% error SR ot are e | aéglreerr;ent \g'th eXpt
STy i e 6(ImA,) =18%

— o(Re ¢'/e) =1.6 x 104
 BR(K* — 7*vv) = SM value

iv ' with 10% error
BR( ).

Does this impact the attractlveness as an observable of BR(K; — #'vv)?
* Re ¢'/e is dominated by systematics

BR(Kp — n'n’) BR(Ks —»7n'n")

— ~ 1 —6Reé /e
BR(Ks — n°79) BR(K, — wtm-) /

« Can R ever be measured to ~0.06% for 6(Re ¢'/e) ~1 x 10-4?
* A 10% mmt of BR(K, — nvv) offers better constraint on UT

Kaon physics — M. Moulson (Frascati) — GDR-InF Workshop — CERN, 2 February 2018



K — vy and other kaon observables

What about constraints from Re &'/, ¢, Amy, K, — pu?
Particular interest in NP scenarios to explain difference between

experimental and lattice QCD values for Re ¢'/e

Example: Endo et al. PLB771 (2017)

General Z scenario with modified
couplings, A =1TeV

» Because of interference between
SM and NP amplitudes, if all
constraints satisfied including
“discrepancy” in Re ¢'/e:

BR(K — =nvv) ~ 0.5 SM BR

» Particularly in simplified scenarios:
LH, RH, LRS

« With moderate tuning (cancellation
of interference terms to 10%), large
values for BR(K — =vv) are possible
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K — mvv and other flavor observables

New ideas relating K — #vv to B-sector [ ~
. Bordone et aI 6,= 06
LFU anomalies: | EPJCTT , :

Ry, Ps": ule LFU in B — K¢t, B — K't¢ or ¢ =0
Rpey: tl(u, e) LEU in B — DOy

,,,,,,,,,,,,,,,

Coherent explanation from NP coupled
predominantly to 39 generation LH quarks
and leptons, e.g., mediated by vector
leptoquark

« Di Luzio et al. PRD 96 (2017)

- Buttazzo et al. JHEP 1711

10" x BR(K' — 7vw)
(V)
S
QCD
Il
i

: T g =03
EFT studies suggest large effect for K = nvv . Rl .
- Bordone et al. EPJC77 (2017) L BT R R Y
RD(*) -1
1 1
. 2 Ro 5
BB — DW1p) =B(B — DP 1)y ‘1 + Ry (1 _ eqe—”/’q)) A% 2G

Ry 62(1 — c13) |
(@/m)(X,/52)

B(K; — n”vf)) =2B(K| — Jrovef)e)SM + B(K — nOvTDT)SM 1 —
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The NA62 experiment at the CERN SPS




The NA62 experiment at the SPS MIGZQ

400 GeV primary p from SPS LAV RICH MU
75 GeV positive secondary beam Large angle photon vetoes| |RICH x/zID| | u veto
» 750 MHz total rate OPAL lead glass 1 atm Ne Fe/scint
* 45 MHz K" in beam - A ~ 1 1
KTAG Charged “ ” ‘ ||
Differential Cerenkov| |veto N “ N M ﬂ ‘
for K" ID in beam
veto
\ Fiducial volume ~60m 4 | |
£, = B ey 10°mbar ire \ | .

T 1 0 |l \

N gELEE 5 MHz K+ decays X

/ y veto
Beam tracking N N N M H SAC
Si pixels, 3 stations ‘ N N “ N |

v GIGATRACKER ” |

\ - e 7

» High-performance EM calorimeter Diol : : - d :
. Hinh. .y . ipole spectrometer orward y veto
High-rate, prem_smn tracking 4 straw-tracker stations NA48 LKr
* Redundant particle ID & x vetoes
STRAW LKr

Hermetic photon vetoes

0 50 100 150 200 250 m
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NAG2-R, result for I'(K,,)/T(K ;) WIIBZQ

<—— PDG 2014 wetNA62
- | — Data 3 3 3
° Clark et al. (1972) C | Ky |
| K=y (e |
~ | [l K*—e*vy (SD") |
. Heard et al. (1975) 10 e |
Heintze et al. (1976) T
. 3 s :
107 A oy
KLOE (2009)
1o = PDG 2010 1 1
2| - ,4._. FERER
NA62 100 o ralramalatSi
|® full data set
Y R.x 10° -0.06 -0.04 -0.02 0 0.02 0.04 0.06
| |||S|N!|| ||||||||[|If||(|)| Mﬁ‘iss(e)’(GeV/cz)z

| L1
2.3 2.4 2.5 2.6 27 2.8 Better background rejection expected
with NAG62 detectors for K — mvv:

2007 Ki -ph
007 data taking, pre mvv-phase * RICH to suppress K, with

PLB 719 (2013) . catastrophic bremsstrahlung
R, = 2-488(7)st(7)sy x 10 » Photon vetoes to suppress K, (SD+)

=2.488(10) x 10~ . Straw chambers in vacuum to reduce

0.4% overall precision MS and improve M?,. resolution
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Status and outlook for K — vy

Velocity spectrometer (RICH) M? ;. [GeV?]

- NA62 Preliminary
o4 2:3x 10" K*decaysinFV.
"I 5% of 2016 data /
0.05}-
i . $
o+ =0
-0.05}-
_0.1—Jlllllllll'llllllll
-0.1 -0.05 0 0.05 0.1

Magnetic spectrometer M2, ... [GeV?]

NAG2 {

Preliminary results: 2016 data
First physics run with full detector

Expected backgrounds

w0 0.035
Ny 0.024
Tt 0.003

Ongoing evaluation of contributions from
upstream decays, radiative decays and
beam interactions

With all 2016 data, SM sensitivity
(BR ~ 10-19) reached

Results from full 2016 data set will
be presented in spring 2018

30 weeks of data taking per year for 2017-2018

Processing of 2017 data in progress

Assuming running is as smooth as in 2017, by the end of 2018
NA62 will reach a sensitivity of 20-30 SM K* — z*vv events
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Fixed target runs at the SPS

2021 (Run 3): + NA62 will continue data taking for K* — z*vy — —
O(100) SM events — measure BR to 10% Il Shutdown

Beam commissioning

« Searches for hidden particles in beam-dump mode g Technicalstop
Dark photons, ALPs, heavy neutrinos, scalars...

2026 (Run 4): Turn focus to measurement of BR(K;, — #%vv)?

2015 2016 2017 2018 2019 2020 2021
a1 |a2la3la4]a1[a2]a3]a4|a1]az]a3]a4|a1]a2la3]a4]a1|a2]a3]a4]a1|a2]a3 a4 |a1la2]23 |04
LHC HL-LHC Civil engineering
Injectors Run 2 LS 2 |y installation
2022 2023 2024 2025 2026 2027 2028
Q1{Q2iQ3{04|Q1iQ2iQ3{Q4|Q1{Q2{Q3Q4|Q1{Q2iQ3{Q4|Q1{Q2{Q3Q4|Q1 ({03 Q4|Q1iQ2{Q3 Q4
e Run 3 LS 3 B R
Injectors .
2029 2030 2031 2032 2033 2034 2035
Q1|c2ia5ia4|aQ1]a2|a3|a4]|al|a2|a3|a4|al|@2|a3|a4|al|a2lus |24 (a1 |a2|a3|a4|a1|a2|a3 | a4
LHC
. LS 4 Run 5 LS 5
Injectors

F. Bordry, presentation to HEPAP, Dec 2015
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K, — n%vv: Experimental issues

Essential signature: 2y with unbalanced p, + nothing else!
All other K, decays have = 2 extra ps or = 2 tracks to veto
Exception: K, — yp, but not a big problem since p, =0

K, momentum generally is not known

M(yy) = m(") is the only sharp kinematic constraint K,
Generally used to reconstruct vertex position m2y, = 21 By (1 — cos )
dv/'Er By
Main backgrounds: fimfy=h=—"m
Mode BR Methods to suppress/reject
K, — n°n° 8.64 x 10—+ y vetoes, 7’ vertex, p |
K, — 797979 19.52% y vetoes, ¥ vertex, p |
K, — mev(y) 40.55% Charged particle vetoes, = ID, y vetoes
A — 7n Beamline length, p |
n + gas — Xr° High vacuum decay region
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K, — %y at J-PARC L o a Vo

\Y

KOTO Charged Veto (CV) Csl Calorimeter

. Main Barrel (MB)
Primary beam: 30 GeV p Front Barrel (FB)

100 kW =1.2x10" p/6 s Pl

Neutral beam (16°) |

<P(KL)> = 2.1 GeV
50% of K, have 0.7-2.4 GeV ™
8 usr “pencil” beam

—

E ssoEbapectod PTEP 2d17 02 | |” Neutron Collar Counter (NCC)
= 0E 87 o L0 "
= TF W 0172012 - 0.03:0.03| |
= ¥ c o, ., Based on KEK-391a:
00 . | ; s _
E 2 o { OteR0IL Current experimental value
§ . ™ 0 -8 °
e by 0.340.16 . 0.030.03| —los BR(K, — 7'v) 52.6 x 107 (30%CL)
e K A T ., 100-hour KOTO pilot run in 2013:
100 e R ;
S0E- 0, 3425/ 7244052 0.0120.01| —oa BR(K, — #v) =5.1 x 10-° (90%CL)
ST TR T S NPT PR DT PO PR T _ : :
1%00 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 Taklng data Slnce 201 5

thx(ﬂ'O) [mm]
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d

K, — 7'vv at J-PARC [ o a Ve

S

Current status: J-PARC PAC, Jan 2018

. 500 Black: data s
* Reached 44 I_(W of slow-extracted = E Red: BG estimation !
beam power in 2017 s 4500 - -.4s
* Preliminary results, all 2015 data: f_,l: 350 3240 0.0 00| I35
SES=1.2x10-° S 3005 %1 0.18+0.04 O {333
Expected bkg = 0.9 + 0.2 events 250F 54" — 2.5
E 20
Signal box not yet unblinded 200 \':T_"'tl 9152
Bkg estimate still under study :(5)3'“ NI O 7O+ PS
- With all 2015-2017 data, expected 50F-- 0-0 05
sensitivity below Grossman-Nir limit 06 2. 29+O 19 0
2000 3000 4000 5000 6000
* In 2018 beam power will increase to Zupd7’) [mm]

50 kW

« Continuing program of upgrades to reduce background:
New barrel veto (2016), both-end readout for Csl crystals (2018)

- Expect to reach SM sensitivity by 2021
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K, — 7'vv at J-PARC IO<.¢

S \Y
« <2.0GeVic
+ 1.8x108 pion/spill  « 5 deg extraction
. o °« ~ 0
KOTO Step'2 upgrade. . <12GeVio T}10ﬁ¢tter Dp/p : Gi_gden(j\K//cK
| b KW * ~108 K/spill HIHR < ﬁ
* Increase beam power to >100 . = ——
P L Ziorkrepil i ‘f

 New neutral beamline at 5° oA 1.8 [ N
105 K-/spill 1. e i, W KOTO
{p(K,)) =5.2 GeV : _

* Increase FVfrom2mto 11 m
Complete rebuild of detector

» <10 GeV/c separated
pion, kaon, pbar
e ~107/spill K-, pbars

* Requires extension of hadron hall

GeV proton
* <31 GeV/c unseparated 2ndary
beams (mostly pions), ~107/spill

Strong intention to upgrade to O(100) event sensitivity over long term:
* No official Step 2 proposal yet (plan outlined in 2006 KOTO proposal)
« Scaling from 2006 estimates: ~10 SM evts/yr per 100 kW beam power

« Exploring possibilities for machine & detector upgrades to further
Increase sensitivity

+ Indicative timescale: data taking starting 20257
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A K, — 7'vv experiment at the SPS?

N FVER

K, Experiment for VEry Rare events

10:1 aspect ratio
tranvserse/longitudinal

High-energy experiment: Complementary approach to KOTO

Photons from K, decays boosted forward
« Makes photon vetoing easier - veto coverage only out to 100 mrad

Roughly same vacuum tank layout and fiducial volume as NAG62

Possible to re-use LKr calorimeter, NA62 experimental infrastructure?
Target sensitivity: 60 K, — 7'vv events at SM BR, with S/B =1

Kaon physics — M. Moulson (Frascati) — GDR-InF Workshop — CERN, 2 February 2018
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An experiment to measure K, — 7°vi K EVER

LAV 1821  DAV22:26 1
T i UV/AFC: LAV 1-12 . LAV 13-17 | ./
: ; : 7
- K, ﬂllﬂHlﬂ!ﬂ ___________________________ ﬁ-;»v
- - .
™ . . . . E~‘~~ y
BN -y N
5 - | | IRC
— . SAC
< FV > S~
: y ~» CPV
80 m 105 m 155 m 241.5m

Main detector/veto systems:

UV/AFC Upstream veto/active final collimator
LAV1-26 Large-angle vetoes (26 stations)
LKr NAA48 liquid krypton calorimeter
IRC/SAC Small-angle vetoes
CPV Charged particle veto
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Beam and intensity requirements  KEVER

Beam parameters:
All K; in beam * 400 GeV p on 400 mm Be target

— 0 =2.4 mrad * Production at ¢ = 8.0 mrad:
10° (py =97 GeV * As much K, production as possible
— 0 =8.0 mrad * Low ratio of (K, in FV)/n

10° {px» =54 GeV « Reduce 4 production and soften
momentum spectrum
« Solid angle A9 = 0.4 mrad
* Large A8 = high KL flux
* Tight beam collimation improves

background rejection

1.6 x 10-5 KL in beam/pot
Required total proton flux =5 x 107° pot

0 50 100 150 200 250 300 350 400 10'° pot/year (= 100 eff. days)
p [GeV] E.g.: 2 x 10'3 ppp/16.8 s

10°

102

10

50-60 detected

Probability for decay inside FV ~ 2% K, — v evtsiyr

Acceptance for decays occurring in FV ~ 10%
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FLUKA simulation of 400 GeV p on
400-mm Be target

Geant4 simulation of beamline
* 3 collimators, A = 0.3 mrad

« 30-mm Ir photon converter in dump
collimator

2.4 mrad

Simulation for 8 mrad in progress

10°

10

10° K

102

10

——— After absorber

—— After dump collimator
——— After defining collimator
——— After final collimator

——

Photons in beam
E>5 GeV: 230 MHz |

.............................

100

E > 30 GeV: 20 MHz

' Effectofy '
}Q- c¢onverter |

.............. i

Ein [GeV]
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Neutral beam simulation K EVER
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K, in beam: 280 MHz
35% scattered by converter |

D/T010] | EUSSSRSRRP U8 WOURRIS 'YNTNNEN, "TONUNPOSPIS SORSROSOSOR FOSSRSPIIIE NISTRSSOIIRTOSS SHRSOPSRSSIS NSRRI
300 - MR 1
0] | L L L 1, @ A
L | B | | e
OOI = I50I = I100I = I150I = I200I I II25 30 J—-‘350I = I400
E.. [GeV]
ol . Neutrons in beam |
ool ' = e | E>1GeV:3 GHz |
I : ; ; ;
] B R e e
1 e l Pl i S
400
200
00II I I50I = I100I = I1.‘.|'>0I = I2(|)0I = I250I = I3OOI = 30 I I400
Eqin [GeV]



Small-angle photon vetoes K Fver

LAV 1821  FAV2226  © .

LAV 1-12 LAV 13-17

<«<——3m —>

80 m 105 m 155 m 241.5m

Small-angle photon veto systems (IRC, SAC)

* Reject high-energy s from K, — z°z" Beam comp.  Rate (MHz) Req.1-¢
escaping through beam hole
. "y . y, E>5 GeV 230 10-2
* Must be insensitive as possibleto 3 Py
GHz of beam neutrons 7, £>30 GeV 20 10
n 3000 -

Baseline solution:
» Tungsten/silicon-pad sampling calorimeter with crystal metal absorber
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Efficient y conversion with crystals

Coherent effects in crystals enhance pair-conversion probability

K EVER

c Tungsten (W c 207 Tungsten (W
2 7] geten () S 1s] E,=10GeV gsten (W)
et et
S E, =200 GeV G 101 E =5 GeV
'8 for different '8 147 |
S_ 5 ¢inc and temp S_ 2] ’—;oecz\e/v;;gz.
= 4] . 1.(-) . : : . ,
(o] c [——100GeV ¢=m2
Q Q g /\__
— 31 — 3
) [
e 2 - c 3| E,=100GeV
Courtesy of V.V.Tikhomirov 1
1 T T T T T T T T T 1 0 T T g T T T r
0 2000 4000 6000 8000 10000 0 2000 4000 6000

Hinc [“rad]

0inc [“rad]

Use coherent effects to obtain a converter with large effective 4,,/X,:

1. Beam photon converter in dump collimator

Effective at converting beam ys while relatively transparent to K,

2. Absorber material for small-angle calorimeter (SAC)

Must be insensitive as possible to ~GHz of beam neutrons while efficiently

vetoing high-energy ys from K, decays
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Status and timeline K EVER

Project timeline — target dates:

2017-2018 Project consolidation and proposal
- Beam test of crystal pair enhancement
- Consolidate design

2019-2021 Detector R&D

2021-2025 Detector construction
+ Possible K12 beam test if compatible with NA62

2024-2026 Installation during LS3
2026- Data taking beginning Run 4

« KLEVER is actively seeking new collaborators!

« Expression of Interest to the SPSC is under preparation in context of
Physics Beyond Colliders initiative
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Summary and outlook

Good progress from lattice and prospects for new experimental
results to improve 1st -row unitarity test from V_

LHCb has demonstrated unprecedented sensitivity for rare K¢ decays

K — #vv is a uniquely sensitive indirect probe for high mass scales
* Need precision measurements of both K" and K, decays

NA62 will improve on current knowledge of BR(K* — #*vv) in short
term, ultimately reaching ~100 event sensitivity

KOTO will reach SM sensitivity to BR(K, — #’vv) by 2021

Preliminary design studies indicate that an experiment to measure
BR(K, — n'vv) can be performed at the SPS in Run 4 (2026-2029)

« Many issues still to be addressed!
« Expected sensitivity: ~ 60 SM events with S/B ~ 1

« Comparable in precision to KOTO Step 2, with complementary technique
(high vs. low energy) and different systematics
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Additional information

GDR-InF Workshop: The Future of the Intensity Frontier
CERN, 2 February 2018

Matthew Moulson
INFN Frascati INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati



High-intensity neutral beam issues K EVER

10'° pot/yr x 5 years — 2 x 10'2 ppp/16.8s = 6x increase relative to NA62
Feasibility/cost study a primary goal of our involvement in Conventional Beam WG

Preliminary analysis of critical issues by Secondary Beams & Areas group

Issue

Approach

Extraction losses

Beam loss on T4
Equipment protection

Ventilation in ECN3

ECN3 beam dump

Background fluxes

Good results on ZS losses and spill quality from SPS
Losses & Activation WG (SLAWG)

Slow extraction workshop, 9-11 November:
https://indico.cern.ch/event/639766/

Vertical by-pass to increase transmission to T10

Possibly use SIS interlock to stop extraction during
POSurvey reaction time

Need to understand better current safety margin
May need comprehensive ventilation system upgrade

Significantly improved for NA62
Need to understand better current safety margin

Detailed simulations getting started
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