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CKM matrix and first row unitarity
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V and V , are the most accurately known elements of the CKM matrix



CKM first row as probe for new physics

SM BSM scenario
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CKM in Kaon sector




Kaon semileptonic decays K,
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Rates with well-determined treatment of radiative
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Integral of form factor over phase-space.



KLOE/KLOE-2 measurement of B(K; — nt'v)

* Select signal with kinematic BDT and ToF zZ assignment

[ Dagne is a phifactory: eTe™ - ¢ — KSKLJ o Fit to m, = (Ex_— E, — Poise) — P2

e First measurement of B(K; — muv) = (4.56 = 0.20) x 10™*, based on 1.6 fb

e Recent result B(K; — mev) = (7.153 £ 0.037

sta

* Kc > n*n~ as normalisation channel
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https://link.springer.com/article/10.1140/epjc/s10052-010-1406-3
http://flag.unibe.ch/2024/Media?action=AttachFile&do=get&target=FLAG_VudVus.pdf

Kaon/pion leptonic decay (K ,/7,,)
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Unitarity tests ingredients

From K,
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good agreement

[\ Vial = 0.97384(26)]

(*) Not included in the talk



Multiple ways of testing unitarity

Physics Letters B 838 (2023) 13774
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Cabibbo universality and BSM physics
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CKM future in the Kaon/pion panorama



Measuring Ry . at NA62

[Urgent need for additional information on the compatibility of K ,and K, data]

Proposed measurement
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Impact of the measurement

(Rg gk~ o 1 = 2Aeg -

Qensitive search for RH currentsJ

Physics Letters B 838 (2023) 13774
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Why NAG62 is suitable?

[ > Only running experiment on K™ physic\s -

» Good control of systematics

tSingIe analysis framework
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Competitive with only 2 weeks of data taking

~

J

)\

13


https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00021/1-s2.0-S0370269323000825/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241008T001139Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYT2LZSIRF/20241008/us-east-1/s3/aws4_request&X-Amz-Signature=414f42ac0f32e3267a23c4925c5833c3295d242fa1f470e7f1d4750666ad2fd8&hash=22efe862e37ef8ac4b639fa6a405ae963e23b799426e3bb0177553fd62c0040c&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323000825&tid=spdf-7422fcc1-33b2-4a01-9689-8936e8bb8ec7&sid=69ec37fe674fd547d489ae58102211522942gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=190e5d0605530701515002&rr=8cf1ea34ef926aa0&cc=ch
https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00021/1-s2.0-S0370269323000825/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241008T001139Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYT2LZSIRF/20241008/us-east-1/s3/aws4_request&X-Amz-Signature=414f42ac0f32e3267a23c4925c5833c3295d242fa1f470e7f1d4750666ad2fd8&hash=22efe862e37ef8ac4b639fa6a405ae963e23b799426e3bb0177553fd62c0040c&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323000825&tid=spdf-7422fcc1-33b2-4a01-9689-8936e8bb8ec7&sid=69ec37fe674fd547d489ae58102211522942gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=190e5d0605530701515002&rr=8cf1ea34ef926aa0&cc=ch

NA62 and CKM 15t row: many opportunities

NA62 can perform a suite of measurements of common kaon decays

e Add several new ratios to over-constrain fits with good control of systematics
e Use single analysis framework, data-set to maximise systematics cancellations

2 body Ke3 Ku3 RY/1 T+
4 - - 4
3 3
i Strategy
2 - - - 2 \
- % C ' select single positively charged tracks for
T 3 .3: 3 measuring all decays
0 . . . . L
1% o % > R.educed systematics by using of minimum bias trigger
1k £ < with no PID
S h
2 > Cleaner environment with higher statistics by taking low-
sl kintensity run without downscaling j
4L - 4

Measurement pulls for gLORelam =:[o 7 8\ VG TPAE g ) 27611 (145

Inputs vs fit results for K+
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NA62 low intensity operation

Why NAG62 is suitable?

> Only running experiment on K™ physics \
» Good control of systematics

» Single analysis framework

( Competitive with only 2 weeks of data taking J

\ J

Intensity
N
1.4 avg intensity (1.8% of standard intensity, 1.3% of
nominal max intensity)
 Total T10 POT collected: 2.6212e+15
NA62 2024 koa O POT collected e )
Low Intensity Trigger stream
Minimum Bias trigger arrangement: a
e CTRL: CHOD, D=50
* Mask2: LO: NewCHOD(Q1) ; L1: STRAW_OneTrack, D = 1
* Physics trigger reference detector = NewCHOD
&L] does NOT contain KTAG y
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Pion beta decay: 77 — «

Master formula

G]%‘ Vi ‘ZMSi | f3(0) ‘2 B * Clear theoretically
[zt — 7letv (y)) = — = (1+ A%,
\ 6473
= _J

* Challenging experimentally

* PIBETA 2004 extracted |V, ,| measuring the 7 — z¢*v, branching ratio with £0.6 % precision

4 1/2\ . . .
(7t = etu ) Normalised using the very precise measured
V4] = 0.9739(27) — B(x* — e*u,() = 12325(23) x 107
12325 X 10_ W. J. Marciano and A. Sirlin, Phys. Rev. Lett. 71, 3629 (1993)
\_ 4/
D. Pocanic et al., Phys. Rev. Lett. 93, 181803 (2004), [hep-ex/0312030]
Theorv is in areat shaoe h Experiment needs order of
(0 3‘7ytota| grror on \5) \ | Vud‘ — 0-97386(281)BR(9)TE(14)R(/*(28)1” [283];0m1 magnitude improvement in
- 7 v y Qorecision to be competitivs
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PIONEER: a next-generation pion decay experiment

What is PIONEER? (Proposal]
> P3| experiment \

> intense pion beam + active target

~ »Tracker and LXe calorimeter

K [Data taking will start in about 5 yrs j

_/

Phase 1

* Experimental precision improvement \

I
R” = (2 = pr)) by a factor of 15 to 0.01% level

KW - T(z = ev(y))

* NP at the PeV scale can be probed J

Physics
programme Phase 2 (high intensity 7" beam)

* Improve the precision by three times

AHSW41

Br(nt — 7Z'Oe+1/) '.CKM matrix Lfnli'dl')’ check — 10.hmes
improvement in Phase lll (theoretically
cleanest | Vud| test)

- J
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https://arxiv.org/pdf/2203.01981

Conclusions

~

The Cabibbo angle is the cornerstone of the CKM matrix and the Cabibbo universality
test is a precision tool to explore what may lie beyond the Standard Model

_

However...
> Need for experimental and theoretical investigations! Progress is expected on multiple fronts:

= Experiment: neutron, K, 11, 7

= Theory: lattice QCD+QED for neutron, K, 1r; EFT+ ‘ab-initio’ methods for nuclei

Ongoing experimental and theoretical efforts promise exciting developments ]
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Fits to K;and K~ rate data : input data vs fit

Master formula

F 2a45 S

GrMzC
DK = 70p) = — K1V P Sy X7 O P 10 (1 + 88 + 68

~
SUQ) )
_/

- 19273
K,; 37" nwtm e 27" T 2 body Ke3 Ku3 3n Ty 4
— 3
B —1 2
& T
Log) log)]
2 SPX s <
1% =
< & § ;E
S >
| 6 inputs not shown |

Measurement pulls for BLQEA AR S VAU B € (8o 1o 111 {0 | By 47

Measurement pulls for gLOEelam = {c 8\ VACHTPAE o ) 2761 (515
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Error budgetin |V |/ (0)
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0.2125(47)
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0.2168(10)

% err
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2.2

0.30

0.47

Approx. contrib. to % err from:

BR

0.09

0.15

0.38

2.2
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0.45

T

0.20
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0.02

0.02

0.11
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Int
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K, form factors

| 2 ‘\\ K(P T
Phase space (M=M* g0 "2 "2 32 A2 (, ) ()
710 _ 732 1 e 1 4 2 = Kr 2
factor oy = 2 + Ji@) + =fo (1) )
m2 M 2t ! (2t + m2)A t=(P - p)
.
\_ W,
{
Ko avgs from NAdG/2
NA48 K ,; data included in fits but not shown
0.25 68%CL contours
] - &
8 t =
f+() = exp [ — (A, — H®)) —
m?l'
8 g
fo(®) = exp > > (ln C — G(t)) i
- - . Mode Update
K°.  0.15470(15)
K", 0.15915(15)
K’; 0.10247(15)
0.15 K; 0.10553(16)

25 26 27 CKM21 M. Moulson
A, X 103 22


https://indico.cern.ch/event/1184945/contributions/5540813/attachments/2717802/4721036/CKM%202023.pdf

Right handed currents

Find set of €’s so that Vud and Vus bands meet on the unitarity circle

0.228
2 2
[Val? = 1V 14+ ) + Gt |
0.226 |
a
—_ 2 2 i
‘Vus‘j = | Vsl 1+Z+Cja€a & 0.224
— ' i
)4 2 Y,
Channel-dependent CKM
elements extracted in the Elements of the unitary BSM effective 0.222
‘SM-like analysis’ CKM matrix couplings
Known coefficients
0220 Lo . o i)
0.960 0.965 - 0.970 0.975

* CKM elements from vector(axial) channels are shifted by 1 — e, (1 + €p)
[ RH (V+A) quark currents]

oV IV .,V and V _shift in correlated way
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Tensions inthe V , —

4 N

2 2
béKMz ‘Vud‘ +‘VMS‘ —1

- J

Global fit 2.8 5 discrepancy

A little bit of history

~

e Until ~2018, bands did intersect in the same region on
the unitarity circle (< 20)

* Main changes since then:

- V4 decreased (radiative corrections in nuclear &
neutron increased with smaller uncertainty,
dispersive)

-V, from K ; decreased ( < V > increased with smaller
uncertainty, 2+1+1 |attice QCD)

~

Vs

0.228

0.226

0.224

0.222

0.220

vV

Uu

, plane

Physics Letter

s B 838 (2023) 13774

SM
(Vus/Vud)Kf2/ﬂf2
+_. Ot
X Vl/(t)d_>0 n, best -
ud
0.960 0.965 0.970 0.975
Vud
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A little bit of history

3 0.228

0.226

fit with
| unitarity

0.972 0.974 0.976
vud
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A Kaon factory at CERN

Gdlly
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auvemy” Cha annes-des-Bois

Timeline of the NA62
Experiment:

» Beam from the SPS: 400 GeV/c protons on Be target
> Secondary 75 GeV/c beam hadrons (70% 7z, 24% p and 6% K)

> Decay in flight: Kaons decay in a 60 meters long volume

The main aim of NA62 is to study the FCNC process K™ — 77 1i

Theory  k+ _ 7tup) = (8.60 +0.42) x 10!

[arXiv:2109.11032]

NAG2  Z(K* - ztwp) = (104710 +0.9

[JHEPO6 (2021) 093] —3.4 stat

)y x 1071

Syst

20092014 2016-2018 20192021 | 2021-L53
Detector R&D J
Installation Run| 152 upgrade - tn 2 -
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NA62 detector

2] STRAW gﬁg%-moo
: LAV L —"MUv1,2
. Veto aAnTIO 4+ T_Tj T L llTron
: B4A _ B6 |11 1] 1 RICH |‘|MUV3
; KTAG SAC
0 - = CHANTI Vacuum . . o

B4B BS

-1 - GlTKCOL\ R 4 &_Ai ERICH 'w

- - LKr
50 100 150 200 250 7 [m]
Performances Resolution
GTK-KTAG-RICH time resolution ©(100 ps) = Spectrometer 6,/p = (0.30 @ 0.005 X p) % [GeV/c]
0(10%) background suppression from kinematics = CHOD and NewCHOD resolution of 600 and 200 ps
©(107) muon rejection for 15 < p(z*) < 35 GeV = LKr 6,/E = (4.8//E & 11/E @ 0.9) % [GeV]

©(10%) 11 rejection for E(z") > 40 GeV
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