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CKM matrix and 1st row unitarity

e SM coupling of quarks and leptons to W:

g _ _ _
/ N Wo (U Vexny ™Dy + ery®vop + fry®v, + 71y%vy) + h.c.

|
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coupling, g matrix e Unitarity condition for 1st row:
i /
Via Vs Vb ‘Vudlz-l- |Vus‘2+ ‘Vub‘z =1
VCKM — Vcd Vcs Vcb
V., V. V, Ay = | Vud‘z T ‘Vus‘z + | VuTb‘z -1=0
2 ~Y
“ 0974 0224 0004 ) U e
Vi 1=10225 0973 0.042 e '
CKM |V |°~ 2% 107
0.009 0.041 0.9991 ub
[PDG 2025] :

INFN ¢! Swallow Focus on measurements of V ,and V,
- LNF

CKM 2025



https://pdg.lbl.gov/2025/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf

CKM 1st row as a problem for new physics

e SM coupling of quarks and leptons to W:
g

Wo (U Vexny ™Dy + ery®vop + fry®v, + 71y%vy) + h.c.
2 T e Most precise test of CKM unitarity,
Single gauge Unitary CKM ——— unitarity of for 1st row:
coupling, g matrix CKM ‘ d‘ + ‘ ‘2 n %‘—2 —1=0
|V, [P~ 2% 107

e Universality: is the coupling the same for quarks and leptons?
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https://indico.cern.ch/event/1184945/contributions/5540813/attachments/2717802/4721036/CKM%202023.pdf
https://agenda.infn.it/event/41047/contributions/246990/attachments/128124/193617/WIFAI_IlariaRosa.pdf
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|V .| from K ; decays

( — T I/(]/)) — | Vus‘ 192 13 EW‘ + ( )‘ KL( K?/ﬂ)( T K T KZ
0.5 forK™

1 for KO
o Sy = 1.0232 : universal Short-Distance EW correction

Experimental inputs Theoretical inputs

o | (K — nZu(y)) : decay rates with well-determined
radiative decay treatment:

. Where K € [K™, K"l and 7 € [e,u]. Cz = {

0 —
o ff ”(0) : hadronic metric element (form
factor) at 0 momentum transfer (t=0)

-+ . .
o K—,K; ¢Branching ratios .
e Kaon lifetimes o A ¥ (2) : Form-factor correction for

o / KL(/IKK) : integral of form factor over phase-space. SU(2) breaking

e /1 terms parameterise t evolution. o A%}f : Form-factor correction for Long-
3 :only A, (or A}, A)), K 3 :need A, and 4, Distance EM effects.

[PDG 2025]
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https://pdg.lbl.gov/2025/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf

KLOE/KLOE-2 : B(K; — nt'v)

o DADNE ¢)-factory at LNF: e"e™ — ¢p — KK : tag K; from “crash” interaction in calorimeter.

o Select signal with kinematic BDT & time-of-flight z£" assignment: fit to mg = (EKS -k — pmiss)2 — p]/%.
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o [PLB 804 (2020) 135378] First measurement of BR: 95(K, — 7uv) = (4.56 = 0.20) X 10™*, based on 1.6 fb™.
o [JHEP 02 (2023) 098] recent result: B(K; — n’ev) = (7.153 £ 0.037 ¢4t & 0.044yst) X 10~* [0.8% unc.], based on 1.6 fb~"!.

e Both normalised to B(K; — n"z~) [also measured by KLOE]. Used to extract measurements of |V, | f.(0) (see later).

1 Joel Swallow
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https://inspirehep.net/literature/1770439
https://inspirehep.net/literature/2138787
http://www.apple.com/uk

[Moulson, CKM23]

Fits to K, and K™ rate data : input data vs fit
8
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INEN-Z 0z See backups for details of inputs. ’



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

K(P) (p)

K . Form factors

t=(P-p)
[ £ — 2 CkGr My K7~ (()) |2 SU(2) EM ¥
(K= 7)) = Vs I — 73 Sewlfe ™ (0) "I (Agep)(1 + 2477 + 2AL7
PS Form faCtOr arameterisations NA48 K ,; data included in fits but not shown
] ,P 1. t - 225 68%CL contours
FO=OP i, —Hw) | TP g —mainc =Gy | -

e Current fit:

0.2

Integrals

2010
0.15470(15) | 0.15476(18)

K |0.15915(15) | 0.15922(18)
[Moulson, CKMZ23] K°; |0.10247(15) | 0.10253(16)  0.15

K", |0.10553(16) | 0.10559(17)
I N FN Joel Swallow u3
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https://indico.cern.ch/event/1184945/contributions/5540813/attachments/2717802/4721036/CKM%202023.pdf

|V |f.(0) and £, (0) from world data

2 Clz{G}%mIS{ KOz~ 2 SU(2) EM
['(K = ntu(y)=1|V,,]| Sewlfe ™ (0) | IKL(/IKK)(I 1 ZAK + 2A%7

3
1927 [EPJC 69 (2010) 399, Moulson, CKM23]
f.|_ (O) |Vus| f+(0) Approx. contrib. to % err from:

0.21 215 % err BR T A Int
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http://flag.itp.unibe.ch/2024/V(ud)%20and%20V(us)
http://flag.itp.unibe.ch/2024/V(ud)%20and%20V(us)
https://arxiv.org/abs/2411.04268
https://inspirehep.net/literature/855741,
https://indico.cern.ch/event/1184945/contributions/5540813/attachments/2717802/4721036/CKM%202023.pdf
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‘V ‘ from K= — y~vand 7~ — H ~v decays
ud

| Vis | k. _ L Koo i s 1 15 15
|Vud‘ fﬂ' R Fﬂ-ﬂz(}/)mKi 1 _ m/% 9 EM 9) SU2)

Experimental inputs Theoretical inputs

o ['(K,)and1(7,) : decay rates. e [ /f, : ratio of decay constants,
lattice-scale uncertainties cancel.
» Branching ratios 95(K ;) and

% () plus lifetimes 7, and T, » 01, : Long-Distance EM corrections
u2 K+ + o

for SU(2) breaking.
e Use KT info from fits.

) o Ogy)(2) * Strong isospin breaking
e Use 7~ info from PDG. fielf, = frelfor .

Yullk _g 27683(29)(20)y
@N:FT“ Joel Swallow ‘ Vl/td ‘ f][ [FLAG 2024] -
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http://flag.itp.unibe.ch/2024/V(ud)%20and%20V(us)

Summary : |V | and \lv “ from Kaon decays
ud

o From K30 |V, | = 0.22330(35)ayn(39)15t(8)1p [total frac. unc. = 0.24%]
o With f,(0) = 0.9698(17) .

, From K 2/ [total frac. unc. = 0.22%]

o With fi/f. = 1.1978(22)

1
e Are these results consistent with unitarity? : AY) = |VMS|(2K%)[ SN + 1] — 1
: : (3) o ud \(Ku2)
o Unitarity test: ACKM =0
Q) — _ o
o Find: ACKM 0.0164(63) i.e. —2.60 .

Hint of anomaly only from K , vs K,
Joel Swallow H H
IN !N=FN 12
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V .from 7 — Kv and 7 — v decays

e Experimental measurements of 7 decay rates can also be

used to measure |V |

e + Lattice QCD calculations of inclusive and exclusive T

decay rates.

e Not as precise as determination from Kaons, but
consistent picture of tension wrt. CKM unitarity.

[arxiv:2411.18639], [PoS ICHEP2024 (2025) 483]

-I_I_I_I'_'I_I_I'_'I_I_I_I_I_I_l'

= n = o
Viusles = 1| Bs/ | —25 — 0R,.su(a)break| [Gémiz et al., 2003]
\ _| vudl 8
See ICHEP2024 2
poster [A Lusiani]: B(T— Ky ) f2:|: (m - m72r) :
thiS |VUS| — IVUdl B( = — s 2 1 +5
\ T T v) - m?() 7K/t
Vo= 16rhB(r — K v_)
us! — 3eorh
Grfig (1 - mig/m?) \| m,m2SEu(1 +6,x)

1 Joel Swallow
IN!N:FN CKM 2025

—e—i

JT TN T T T AT TN O TN T T T T A
0.225

V!

Vie Ky N = 24141
0.2233 + 0.0005

Vis Ky N = 2+1+1
0.2250 + 0.0005

CKM unitarity &V _ &V,
0.2272 + 0.0011

T — X,v [OPE-1]

0.2184 + 0.0018 + 0.0010
T — Xv [OPE-2]

0.2219 + 0.0022

T — XV [latt-disp]
0.2240 + 0.0018

T — XV [latt-incl]

0.2189 + 0.0018 + 0.0007

T > Kv/1T-> nv
0.2229 + 0.0016 = 0.0010

T — Kv
0.2224 + 0.0016 = 0.0008

T exclusive average
0.2225 + 0.0015 £ 0.0008

T average
0.2208 + 0.0013 + 0.0005

HFLAV
i


https://arxiv.org/pdf/2411.18639
http://www.apple.com/uk
https://indico.cern.ch/event/1291157/contributions/5896342/attachments/2896312/5078218/alusiani-hflav-tau-ichep24.pdf

1st row CKM Unitarity

From K — uvin — uv :

From K — 7uv : | V. | = 0.22330(35)exp(39)lat(8)|B

INFNJ el Swallow

CKM 2025



U V
Determinations of |V ;| i~

e |V ;| from super-allowed 0™ — OJr nuclear beta decays [MOST PRECISE] W
e e.g. 190(14,8) > N(14,7) + eT + 7,
o Measure half-lives and Q-values, determine decay rate factors and then |V ,|.

e Using 15 most precisely measured decays [Phys.Rev.C 102 (2020) 4, 045501] and up-
to-date set of radiative corrections [PLB 838 (2023) 137748]:

| Via ‘ﬁ = 0.97367(1 1)exp(13)Rad Cor.(27)Nucl.Struc.

Fractional uncertainty: o}y, /| V, ;| = 3.3 X 1074

e |V ;| from neutron lifetime 7, and axial-vector/vector coupling g, = G,/Gy,
(recent precision measurements avoiding inconsistencies [PLB 838 (2023) 137748]):

o |V d‘ = 0. 97413(13)Rad Cor. (35) (20)

Fractional uncertainty: o}y, /| V, ;| = 4.4 X 10~

o Good agreement, use average: |V | = 0.97384(26)

Fractional uncertainty: o}y, /| V| = 2.7 X 10~%
e CKM 2025



https://inspirehep.net/literature/1821327
https://inspirehep.net/literature/2141742
https://inspirehep.net/literature/2141742
https://pdg.lbl.gov/2025/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf

Status of 1St row unitarity test

[HIKE proposal, CERN-SPSC-2023-031]

2023 ‘.
|V dl + |V, \ ~ | defines a circle [dotted i |
lme] Collyders ‘,
o Just from kaon decays: —2.6¢ discrepancy “‘
AS =V | : +1|—1=-0.0164(63) ‘\
CKM us 1(Ky3) 2 o ) \
| Vus dl(K 2) ‘l
o Include |V ;| from [ decays: —2.8c discrepancy [ ‘.
|
e From fit (yellow blob) without constraint: .
[r*/ndf = 6.4/2 (4.1%)] I ;
e Al = —0.0018(6) Vis/Via from K5 \
\
g = 0.97378(26) , V,. = 0.22422(36) I Vis fTrom K3 ]
e With scale factor S = 2.6: 0.220 - V.a from g decays '\|
— — I R TR [ TR TR S TR N S T [ ',
= 0.9737@), V,, = 0.2242(10) 0065 0970 O Q7E

Joel Swallow
I N !N:FN CKM 2025



https://cds.cern.ch/record/2878543/files/SPSC-P-368.pdf

1st row umtarlt tests

us

3 observables: \Vus‘(zKﬁ) ’ and |V d\(ﬁ) :
¢ Vud

(Ku2)

and 2 unknowns V| ;and V,

e Iherefore construct 3 tests (each A(C’)KM = () if unitarity holds...)

1 2 2 _
At = Waalgp + 1 Vislg ., — 1 = = 0.00176(56) |[-3.10]
A = Waally |1+ WaslVialia | - 1 = - 0.00098(58) [[=1.70]

A 2 o Not using any inputs
A® =V, \(K%)(\V WVl 1) 1= —0.0164(63) [22.60]]  pom ey

INEN L oo [PLB 838 (2023) 137748] 17
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https://inspirehep.net/literature/2141742

1st row non-unitarity: BSM with RH currents?

e In SM W only couples to Left-Handed chiral fermion states.

e BSM physics with couplings to Right-Handed currents could explain deficits in 1st row unitarity
and K3 — K, difference.

€R
+ Define: ALY, = 2ex+2Aeg| V,, | | E
A(szr)qw = 2¢, — 2A |V, | o.ooo[—- “Colliders |
e AD) = 2eq+2Aep(2 — | V,5]%)
e ¢, = RH currents in u,d sector —O.OO1L
o Aep = RH currents in strange sector
e From current fit:
o €p = —0.69(27) X 10~ (2.50) I
e Acp = —3.9(1.6) x 10~ (2.40) —0'002: meE 2 T
o €p = A€p = 0 excluded with 3.1 significance. Y e R YO 0216(_)
R

INFN - Svaiow [PLB 838 (2023) 137748] 18
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https://inspirehep.net/literature/2141742

The NA62 Experiment at CERN

~200 collaborators from ~30 institutions.

NAGZ [

e Primary goal: measurement of B(K+ — nvD)
o New Technique: K™ decay-in-flight
e Results: [PLB 791 (2019) 156] [JHEP 11 (2020) 042] [JHEP 06 (2021) 093][JHEP 02 (2025) 191]

e Broader physics programme:
e Precision Measurements (KAON25: M. Koval, Z. Hives, A. Romano)

_‘Gen‘éve e e Rare K™ decays (talks @ KAON25 by M. Tomczak)
= S L e ——— o LNV/LFV decays (talks @ KAON25 by E. Goudzovski)
ik S T e Exotics (talks @ KAON25 by J. Schubert, M. Raggi)
’, > s A ‘ ; o Data taking

e 2016 Commissioning + Physics run (45 days).

e 2017 Physics run (160 days).

e 2018 Physics run (217 days).

e 2021 Physics run (85 days [10 beam dump]).

e 2022 Physics run (215 days).

e 2023 Physics run (150 days [10 beam dump]).

e 2024 Physics run (204 days [12 dump, 7 low Intensity]).
e 2025 Physics run (WIP: 211 days [10 dump, 7 low int.])

Phetograph: Maximilien Brice © 2008 CERN

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
I N F N Joel Swallow 19
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https://inspirehep.net/literature/1704548
https://inspirehep.net/literature/1807490
https://inspirehep.net/literature/1854186
https://inspirehep.net/literature/2860356
https://indico.cern.ch/event/1485702/contributions/6585018/
https://indico.cern.ch/event/1485702/contributions/6585023/
http://www.apple.com/uk
https://indico.cern.ch/event/1485702/contributions/6584990/
https://indico.cern.ch/event/1485702/contributions/6585026/
https://indico.cern.ch/event/1485702/contributions/6585027/
http://www.apple.com/uk

NA62 Low Intensity Data-taking, V , & CKM e

e Special low-intensity (~1% of hominal) data-taking with minimum bias triggers
collected in 2024 (& planned for 2025) [NA62 SPSC report 2025].

e Sample size ensures minimal statistical uncertainties (0.1%).
e Stable low-| min-bias conditions for minimal systematic uncertainties.

o This allows key new investigations of the 6 main K" decays including:

e KT - ,u+1/ : global kaons fit is currently dominated by KLOE measurement.
e Kt = 7% vand KT — 7%*v : new inputs for B(K ;) « |V, |* f.(0).
o BKY — ut)|B(nt — uv) < |V, |71V, |7 (fe!f.)*: where z+ arise
from K* - 777" decays-in-flight.
e Add several new ratios to over-constrain fits with good control of systematics.
e Use single analysis framework, data-set ...

I N !N:rN Joel Swallow 20



https://cds.cern.ch/record/2931958?ln=en

e.g. NA62 and CKM 1st row unitarity : K ;/K , NAGZ {

e NAG62 is ideally placed to make a high precision (0.5%) measurement of
K /K BK* = nutv) . .
R5w W = — " with many systematics cancelling.

RB(KT — utv)
e This single measurement can have a significant impact: (RKM3/Kﬂ2)_1/2 o 7 where:
2
VMS . . o o
, ~1/2 > e Uses input from [ decays, but provides a qualified
. I+ Atgum B “Nkp2y oA, statement about consistency of data set.
-\ 1=-A8 a V. 1% /|V,] a ® o Sensitive search for right-handed currents
CKM us (K ) ud l(p) A 0
(Aeg # 0).

NA62 hypothetical X,;/K,; 10 0.5%:

Result Aep Remarks

Almost same precision as result from

T -3
Same as fit —4.0(1.9)x10 2.1o world average

[PLB 838 (2023) 137748] K>, K3, V.4 consistent: current tensions
INAG2 SPSC report 2025] have experimental origin?

Evidence for right-handed currents
- - - -3
INFN oo e 180 e contributing to CKM non-unitarity 21

+1.50 -0.4(1.9)x103 0.20



https://inspirehep.net/literature/2141742
https://cds.cern.ch/record/2931958?ln=en

CKM constraints from 77 — JZ'O

+ :
e v, (“pion beta decay”)
- T s 72
« PIONEER experiment at PSI [arxiv:2504.06375] Via| = 0.9739(27) 331(232::10_@)
[proposal, 2203.01981] Approved - starting data- g ;

Normalise to:

[

taking in -5 years. Focusing on 77 — 7' *v, in vk BR(r+ — e*vy(y)) = 1.2325(23) x 10~
phases 2 and 3. (Theory): 1.2350(2) x 104
° Phase1: LFU test R, = ?E’Z — ef?’;; , 0.1% precision, stopped %, ——— =T
nt — utu(y . - =) :
pions, positrons from z* = eTvorat - utr,uT - et . Re= |

e Phase2: measure B(n" — 7Z'O€+I/e) with 0.2%
precision, looking for back-to-back yy from

stopped pions, normalising to 77 — e v [same
concept as PIBETA].

e Thus improve |V, ;| and |V ,/V | precision

['(K — wlv(y)) FIG. 4 - PIONEER conceptual design. The sphere is a LXe calorimeter, with the beam

[ J [ J R p—
( u S] n g ra t] O YT (mF = metu(y)) ) by faCtO r ~ 3 ° entering from the left, and the ATAR at the center. For scale, the lid is 3.05 m diameter.

The yellow circles are merely representative of the LXe photosensors; they are not placed

accurately.

Challenging long-term goal: reach precision of 0.02% on |V |
INFN Joel swalow (competitive with super-allowed [ decays) by end of phase 3. 22
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https://arxiv.org/pdf/2504.06375
https://inspirehep.net/literature/2046439

Future for neutral kaons

e KOTO currently running at J-PARC, will be followed by KOTO-Il [arXiv:2501.14827/].
0

o Bespoke, highly specialised, design to study K; — 7 vv.

o Current design has limited precision for other K; decays, but modifications may
be possible (e.g. synergistic with study of K; — A )

[Nanjo, Kaons@CERN231KOTQO-II detector

Proposed extension to the Hadron Hall at J-PARC
Peak K; momentum : 1.4 GeV/c (step-1) = 3 GeV/c (step-2)

30GeV Sweeping magnet====| EXperimental area Possible to use longer decay volume (2 m — 12 m)

Proton _ & Larger diameter calorimeter (2 m — 3 m)

- R < KOTO
T2 target  1stcollimator - g b ; Signal region
2nd collimator KOTO II
Another magnet at most downstream Beam hole : 20 cm X 20 cm
.. 44m from T2 : ' >
[arXiv:2501.14827] om 3m  6.5m 15m 20m

1 Joel Swallow
IN!N:FN CKM 2025 23



https://arxiv.org/abs/2501.14827
https://indico.cern.ch/event/1300660/contributions/5510821/attachments/2713417/4712264/KOTOIIforKaonsAtCERN.pdf
https://arxiv.org/abs/2501.14827

Conclusions

e Cabibbo angle anomaly: tension with 1st row

unitarity [currently at ~30]. —

o +tensionin K 3 vs K

2

2
o Tstrow: [Vl s | Vis! Via . and | V| -

o Key results from combined fits of K & x data. 0.224
e |s current tension experimental in nature?

e NA62 can provide new, high-precision = 0223
measurements: direct test of the tensions and can
have significant impact on fits.

e + Future pion experiments (PIONEER) may challenge
| V.| precision.

0.225

us

0.222

VAGZ2 A

[Ann.Rev.Nucl.Part.Sci. 72 (2022) 69]

I I I I | I I I I | I I | I |
ToDo: NA62 Low Intensity |\

ellipse

‘

Tdecays
(0.58%)

. 0 S W
e Is tension due to BSM physics? - 2
. _ 0+ — 0*(0.030%) =
e Test for right-handed currents established, currently i Neutron (0.050%) D
weakly favoured (exclude 0 RH currents at ~30) 0.220 s T T e T ——
Vud
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Fit to K rate data S

Fit inputs & constraints ——)  FIt results

7 input measurements: Parameter Value
KLOE '06 BR #°2/#zt7n BR(?Z'+71'—(}')) 69.20(5)%
NA48 I'(K; — mev)[T'(K; — mev), 74 BR(z'7") 30.69(5)%
KLOE *11 1, BR(K.,) 7.15(6) x 10~
KTeV *11 BR(K,,;) 4.56(20) x 104
KLOE-2 '22 BR nevintn~ New! Tg 89.58(4) ns
KLOE-2 20 BR muv/z'n x¥ndf = 0.36/3 (Prob = 95%)

o Constraint: Z B(K,) =1

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

[Moulson, CKM23]

Fit to K, rate data

Fit inputs & constraints ———)  FIt results

21 input measurements: Parameter Value S
5 KTeV ratios

BR(K.,) 0.4056(9) 1.3
NASS BRILS2 race) BR(K,,) 0.2704(10) 1.5
4 KLOE BRs -
_ BR(37") 0.1952(9) 1.2
with dependence on t; BR(z'r 1) 0.1254(6) 1.3
KLOE, NA48 BR(nr'7 /K ;) BR(z'z (yg)) 1.967(7) x 103 1.1
KLOE, NA48 BR(yy/37°) BR(z'7y) 4.15(9) x 105 1.6
BR(2z/z*n") from K fit, Re &'/¢ BR(z'7 yp) 2.84(8) x 10~ 1.3
KLOE 7, from 3z° BR(2x") 8.65(4) x 104 1.4
Vosburgh ’72 z; BR(yy) 5.47(4) x 10 1.1
KTeV BR(z7my/m*7(y)) Tr 51.16(21) ns 1.1

E731, 2 KTeV BR(z'n ype/ntny) x2/ndf = 19.8/12 (Prob = 7.0%)

o Constraint: Z %(KL) = ] e c.f. current PDG result (since 09):
v?/ndf = 37.4/17 (Prob = 0.30%)

1 Joel Swallow
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Fit to K= rate data plouson. SEHES

Fit inputs & constraints ———)  FIt results
17 input measurements:

_ Parameter Value S
3 old 7 values in PDG - <
KLOE = BR(uv) 63.58(11)% 1.1
KLOE BR uv, zn’ BR(7zx") 20.64(7)% 1.1
KLOE BR K3, K ;3 BR(7znn) 5.56(4)% 1.0
with dependence on BR(K ,) 5.088(27)% 1.2
NA4S/2 BR K ofmn’, Kolan’ BR(K,,;) 3.366(30)% 1.9
- gg fﬂ;’/’;‘? - BR(zx'x) 1.764(25)% 1.0
T, 12.384(15) ns 1.2
KEK-246 K, /K., - e
KLOE BR nnr, nn'n x/ndf = 25.5/11 (Prob = 0.78%)

(Bisi '65 BR na’z’/mrr removed)

e c.f. current PDG result (2016):
. Constraint: Z BKE) = 1 v*/ndf = 53/28 (Prob = 0.26%)

: : : e Note: negligible change when
| Joel swalow ® Note: restricted set of inputs wrt . ;
INEN™ a2 PDG fit (35 inputs, 8 parameters). including I>TRA+ measurements. 26
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K(P) (p)

K . Form factors

2G2m5 L= (P —p)2
0 _—
DK = 2tu(n) = | Vi = == Spw LA (O Pl @)1+ 2857 + 248

o Hadronic matrix element: < z|J | K > = f(0) []F (P + p)g + (P —P)a]

e K ; decays: only vector form factor ]i(t)

., K,3 decays: also need scalar form factorﬁ)(t) =]‘1 +f R
K T

[
m2 —m2(InC — G()) |

, Parameterise using dispersion relations f, (1) = exp [

[ ~
AN - H(r»] 0= [

e Where H(t) and G(?) are polynomials from Kx scattering data, contributing to (but not much) uncertainty in fits.

o Evaluate Integral of form factors over phase-space: IKL(/IKK) [Where 1 parameterises 7 evolution]

1 Joel Swallow
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[Moulson, CKM23] K(P) (p)

K . Form factors

t=(P-p)
2 CI%G}%mIS{ KOz~ 2 SU(2) EM
['(K = ntu(y))=|V,]| Sewlfi ™ (0)] IKL(/le)(l 1 2AK + 2A%7

19273 £
® Form fa_CtOr parameterisat-jons _ 0.25 NA48 K, data incIudoed in fits but not shown
e ox t 20 on t ' 68%CL contours
T ey —Ha) [ YT p=manc =6y | g

e Current fit:

0.2
Integrals
Mode 2010
K°, |0.15470(15) | 0.15476(18)
K., |0.15915(15) | 0.15922(18) :’:ﬁi‘;ﬁ:i':wete”za“°“
K | 0.10247(15) [0.10253(16) o .
0.10553(16) | 0.10559(17) 25 26 27
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