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Outline

dThe NA48/2 setup

AK* - m'nOutv

JThe NA62 experiment and detector
QK* > ntvw
AKt - nletvy
QK > mtutyu
QK* > wtyy
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Fixed target Kaon experiments at CERN

*NA31 (KS/KL)
First evidence of CPV

* NA48,NA48/1 (K/K;)
Discovery of CPV, Re(g’/g)
Rare Kg and hyperon decays

~
*NA48/2(K*/K™)
Direct CPV, rare KT decays
Y,
B
*NA62 (K™)
RK = I'(K,,)/T(Ke,)
Y,

*NA62 (K™)
Rare KT decays
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The NA48/2 setup
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The K= —» n°n%u*v decay

Status of K;, decays

parametrization from K2
» R from ChPT

» £ = u depends on two form-factors (F, R)
» F from lepton universality (experimental

dipion /" g~

ot (n°) lﬁ¢\

no(r°) |V

e+
B , | dilepton

JExperimentally

K;o mode | BR[107°] | Neand

K> 4.26 £ 0.04 | 1108941
K90 2.55 + 0.04 65210
K2 1.4+0.9 7
K?y ? 0

NA48/2 (2012)

NA48/2 (2014)
Bisi et al. (1967)

» This analysis: first observation of K2

U Analysis strategy

_|_

> K* - n%7%* as normalization channel
> Main background: Kt - n°z0(n* - utv)
» Select phase space region

S, = M?(u*v) > 0.03 GeV?/c*
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The K= —» n°n%u*v decay

F o+ — M Preliminary result:
s00f— — T R RO » Restricted phase-space (S, > 0.03):
ol N BR(K2) = (0.65 + 0.0195¢4; & 0.024y,) x 1076
300/ + » Full phase space (model dependent):
o BR(K?2?) = (3.4 + 0.105.4¢ + 0.135y5,) X 1076
oF : * + » Consistent with R form-factor as predlcted by ChPT
- : : é;‘; &x10 [] gull gh[?SSZ spafce :
= LB : : : — T axioep M P evmf“s R, 9 |
oRh: I B IO o R, fspgs
S 2| | + o4 B0t i |
§0.3§;|| ' |TI|§ T T T e
%Eg 2x10°° |
~0.006 0.004 0.002 0 0.002 0?\/1024,55. Gevzz}oos Calculations EMeasuremem
QO Signal: 2437 events selected 10 :
O Normalization: 72.99 x 10° a0t - -y |
O Background: expect o NA48/2 preliminary " Eq.
354i335tati625y5tevents 5X10—?||||I|||.....I....I....I....I....I....i....l....

tree 1loop BCG(1994) fxF(K,) NA48/2
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Maingoalis K™ - wtvv
Fixed target

In-flight decay technique
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NA62 Beam & Detector

[JINST 12 (2017), P05025]
LAV MUV1,2
1 : Iron
MUV3
Target KTAG GTK SAC
0 - — CHANTLI— Vacuum ; L
1 RICH HASC
| J_I—'J. IRC Dump
2 - Decay LKr
Region
T ” ' ' T T T ' ' ' ' T T T ' ' T ' ' T T T >
0 100 150 200 250
Z[m]
L SPS Beam: d  Secondary positive beam (d Decayregion
» 400 GeV/cprotons » 75 GeV/c momentum, 1% bite » 60 m long fiducial region
» protons/spill » 100 urad divergence (RMS) » ~5 MHzdecay rate
» 3.5sspill > 60 X 30 mm? transverse size > Vacuum 0(107%) mbar
> KT(6%)/mt(70%) /p(24%)
8
> 33x 10 ppp onT10(750 MHz at GTK3)




+ + 1,5
The K™ — ™ vv decay
: ' W s_wct d J Highly suppressed:
' » FCNC process forbidden at tree level

» CKM suppression

O Ty v (s = d coupling, BR~|VV;4l?)
EITheoreticaIIy clean: » Theoretical error budget dominated by
BIK' = x'vp) CKM parameters
» Dominantshort-distance contribution o
» Hadronicmatrix element extracted from 299 " pso(x) Charm contributions

BR(K* - nletv)

Top contributions

CKM contributions

‘ [Buras et al., JHEP1511 (2015) 033] ‘

J Previous exp. determination: J SM Predictions:

2.8
E787/E949 at BNL |Vl y 1074
8.39 + 0.30) x 10~11. ¢
( - ) [40.7 x 10-3 l73.2°

17.6+11'5 % 10—11
(17.62158) : (8.4 +1.0) x 10~11




The K™ — ™ vv analysis

Decay backgrounds , , 1) o —4— Data
Myniss = (Px — Py) z [ ] Mmc kom0
T utv(y) 63.5% d ‘E — % 0 I MC K—n® uncertainty
Kt->ntn'y) 20.7% e e S pRentd Region 2
102 == =
Kt>ntntn~  5.6% i £ 1
Kto>ntn~etv 42 x 107° - 107
10"_5
Other backgrounds m-s;g é, - 10 Tﬂ.ﬂ* T
Beam_gas interaCtionS 1()4:E &’ ./‘“.\(e N 1 ‘ L1 1 | | | 11 | 11 1 ‘ | | J_ ITIT l
Upstream |nteract|0ns 107—:0%041 ‘ .-0|02I = Oll Io.é)zl 004 I().é)sl l ‘(J.(I)BI l ‘0{1I I[G;(a)\;zzlc] —0.02 0 0.02 0.04 0. Oilss([)GOesvzlgtt]l
(Strategy
> Kinematic suppression 0(10%) » High efficiency VETO system with excellent time
» MVA used for PID and upstream background re'solutlon (1_00 ps)
rejection » Blind Analysis
> 0(107) muon rejection » Data-driven background evaluation when possible

> 0(107) n° rejection
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The K™ — ™ vv analysis

Upstream background
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RICH

1 Pions produced upstream of

the fiducial volume
» Early kaon decays
» Interaction of beam particles
with beam spectrometer
material

[ Fake association of detected

pions to accidental particles
O Mitigation
» Geometrical cuts & BDT cut on
backtracked pion position
» Kaon-pion association effective
» Data-driven background
estimation

11




The K™ — ™ vv analysis

w0 :
2016+2017+2018 summary 5 12| [lll] Expected backgrouna
=5]
» Single Event Sensitivity: (0.839 + 0.0535y5t) x 10711 “ 0 + Observed data
i
» Expected SM signal events: 10.01 & 0.425y,5 + 1.19.4; -2 S A
£ 2016:2017: S1 : S2
1.05 B : : :
> Expected background events: 7.0373-53 Zsl i
» Observed events: 20 -
6 _— Y
10_45 V¥ Camerini :
= \ 4 Experimental upper limit @ 90 % CL 4 —
107 = [] Experimental measurement -
- ems . ] Theoretical prediction B
10_6? vKl Cable ’ 2 __
10_7; VAsano 0 _M '
—sE_ v E787 0 1 2 3 4 5
10 = v v Category
10_9§— . . E787+E949  NAG2 D RESUlt
10710 — + i) — +4.0 ~11
rE >BR(K* > m*vo) = (10.6443]  +0.95)5) x 10
—11 IR R R R sepaapate e L | [HRT R R RO S RN R R SRR RR A . .
107960 1970 1980 1990 2000 2010 2020{ ”~ PublishedinJHEP 06 (2021) 093

Year of Publication
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The K* - m%e* vy decay

VE v(’.
vgé et W et
K’ @: ,:p Y K’ Z .
Direct 0 Inner o

Emission Brehmsstrahlung

(Divergent decay amplitude for E,and 6.,y — 0 for the IB
component
Br(m®e*vy|j — th region)

» Three regions: R; =

BR(m%e+v(y))
Dy De XD
T-odd observable: ¢ = y"fs -
_ M(-N_
» Measure asymmetry: Az = N,+N_

1 Analysis strategy

Bk
NOPS — NP9

j i j trig
R. — BR(KeS]/) _ Keyy Kesy Ak s . _Kes
J -_ -_ =
BR(Ke3)  NOPs—NEKO A, ;  ¢trio
e3 e3 e3y K]

e3y
» Normalization: K,
» Background estimated with dataand MC
» Acceptances evaluated with MC
» Cancellation of systematics
» 2017+2018 data

Theory
Q|4s| < 107*(SM / BSM)

Experiment
QAP (Ry) = (1.5 £2.1) x 1072

U No measurements of A¢ for Ry and

R,
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The Kt - m%e* vy analysis
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(=]
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Ke3y R1 events / (500 MeV?/c*)

- NAB2 Preliminary

R1 selection

—— Data
[T MC Keady

Accidental Bkg
2 MC Kedn Bkg
- MC K30 Bxg

LSS MC Key uncartainty

» Main background: accidentals

(K.3 decay with additional LKr cluster)
> Dedicated m? ;.. (K,3) cut

Ke3 events / (500 MeV3/c*)

% » Normalization selection: 66M events
> Almost background free: B/S ~ 10~*

%107

5 10

m2

miss

L
(Ke3y) [MeV2/c?

20

107

NAB2 Preliminary

Ke3 selection

10°

20 15 -10 -5

-+ Data
[FIMC Ke3
B mC Kar Bkg
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miss

3

(1) [Eur. Phys. J. C50 (2007)] |

0(p®) ChPT (1) ISTRA +(2) OKA (3) NA62 preliminary  NA62 preliminary
Ry E, > 10 MeV 0.,y > 10° 1.804 + 0.021 181+ 0.03+0.07 1990+ 0.017+0.021 1.684+ 0.005+0.010 —0.001+ 0.003 +0.002
R, E, > 30 MeV 6.,y > 20° 0.640 +0.008 0.63+0.02+0.03 0.587+0.010+0.015 0.559+ 0.003+0.005 —0.003 % 0.004 £0.003
R, E, >10MeV 0.6 < cosb,,y <09 0.559 £ 0.006 047+ 0.02+£0.03 0.532+0.010£0.012 0.523 £ 0.003+0.003 —0.009 £ 0.005 % 0.004

» Relative precision improved by a factor >2
(< 1% relative)

factor >3

» R3; asymmetry precision improved by a

(2) [Phys. Atom. Nucl. 70 (2007)] |
» Relative discrepancy with theory: 6 — 7% » First measurement ever for R; and R,

(3) [Eur. Phys. J. C81.2 (2021)]
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The K™ - mtrutu deca

JFCNC mediated by virtual photon
exchange K+ -» nty*

—e— Data

g = . < 109 ' | —— Data B K-> rtyut
K" — o > I e vopw K - v w
[Phys. Part. Nucl. Lett. 5 (2008) 76-84] 2 1oj K oree 2 10E ko B o
~ 10 K > ey, = 407 by b
[Nucl. Phys. B291 (1987) 692-719)] £ l l By, | 2 107F [@Mrorrr K oy
2 [ K >nnl o
. . - 10° \:|K*—>n+n’?n_ i
JForm factor parametrized in NLO ChPT o
2
_ 2 _ Mpup 3
W(z) = Gemg(ay + byz) + W (2),z = — 10
K 107
[JHEP 08 (1998) 004] 10
1

1 Analysis
» 2017+2018 data

O &) T T T L

= S ]

N . . . ~ 12 ~ ~ ]

» Normalization with K31 Ng =~ 3.5 x 10 g S qollll T - 1
» Signal: 0 8 1 ]
» Acceptance: Ay, ~ 8.7% .

> Expected background: ~ 8 events 08 ‘ .................................................................. "n u’
(K35 with two pion decays m — uv) 0.6{L e 06 ’||m
> 27679 events observed 460 480 500 520 540 560 580 600 62( 380 400 420 440 460 480 500 520

m(3n) [MeV/c?] m(rmup) [MeV/c?]
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dr'(z) / dz [GeV]

The K™ - m™ u* u decay

<102 dr'(z) o ) .
- —— Data | 1 —— profile in 50 equipopulous bins
251 —_— Neg.a.tlve solqtlon dz
- — Positive solution » Model independent BR measurement
SR UL 3 |\VHY dl', g / dZ x 10
20}~ » Integrate profile
i > Extraction of |W™®(2)|? function values
151 > From measured dl(z)/dz (assuming linearity of |[IW™™ (2)|? in each bin)
i » ChPT form factor parameter measurement
101 » From fit of data points
sl 8 0034F T T Tk, Data
I P *;q:‘)’ 0_032;_ [ SM prediction _
0 0|2 2 |2 . .b| = é . 0|4 OLLHO -§ 0.03f =
. .25 . .35 . .45 .5 = - ]
. g 0.028:— E
S 0.026F s
O Forward-backward asymmetry 0.024f E
.022f
> A — N(cos QKH>O)—N(COSQKH<O) 000023
FB = N(cos@Kﬂ>0)+N(coseK”<0) 0_618
Ok, : angle between 3-momenta of 0.016
+ — it 0.014
K andu™ inu™u™ rest frame ey . X 1
) coso,
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The K™ - ™ u™ uanalysis

[e Cenalvalue and ofalerors < =050 T e A )
- : ) i 68% CL contours:
Stat!st!cal+systematlc errors o i NA62 (tup)
—— E?gszszlr:;:’zg;g without NAG2 result % _0-6__ N . NAaw2 ()
; o L e NN | NA48/2 (nee) i
E787 (1 997) S_ i NN\ — — EB865 (nee) (stat. only) 1
= I 207 events 9o - .
S —0.7_— =
E865 (2000) » . = - .
430 events g i 1
HyperCP (2002) - E
yperCP (2002 B X ]
110 events :  EEEE - .
-0.9- —
NA48/2 (2011) B i
3120 events - i ]
NA62 (2022) -1 -
27679 events W L i
|IIII|IIII|IIII|IIII|IIII|III|I\II| _lllI|III|III|III|III|III|III|T
4 5 6 7 8 9 10 1?3 —0.64-0.62 0.6 —0.58-0.56 -0.54 -0.52 -0.5
B(K" = mru+tu) x 10 Form factor parameter a,
U Model independent BR measurement A ChPT form factor parameter measurement
» BR(K* > ntptpu™) =(9.154+0.08) x 1078 > Negative solution preferred
» Improvement by a factor > 3 » a, =—0.5754+0.013, b, =—-0.722 + 0.043
» Consistent with previous measurements » Compatible with previous K, and Ky,

measurements, as expected by LFU
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The K™ - ™ yy decay

dDescribed by kinematic variables O Cluster merging:

>, = (@1ta2)® _ (M)Z y = (41—=92)* > Select events with 1 track and 3 clusters
m% myg /)’ mi > tag KT - ntnn® (merged cluster energy

(Decay rate and spectrum determined by a matches expected)

Slngle ChPT pa ramEter é\ 0 12—_ ______________ __________________ ______ s ____________ —— Data, merged cluster
[Phys. Lett. B386 (1996) 403] i —«— Data, good custer
01__,_ .............. .................. ................. ............ N K+—) J'I:*J'I:OJ'I:O, merged cluster
i I:‘ K'— n*n’, good cluster
d Normalization: K - ¥ r©

0.08 [ L L

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

d Main backgrounds: A N T N
O Cluster merging | ; | |
Q KT - nFntn~ with two non-reconstructed tracks 0.04] v 5\ U E— H— S —

[ Use control region with enhanced background SR |
Cont ri b ut i On 0.02 __, budninind T S
i ._m‘il.\\\\\ ‘ II-I-I.LIIIIiIIII
5 10 15 30 35 40 45

Cluster size X [mm]
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The K™ —» ™ yy analysis

350

d Measurement - [~ Data
> 2016-2018 dataset soof- | ED K — vy
> z distribution sensitive to parameter Jeok K - nfong
» Signalregion z > 0.25 : ] E,,_} njt n
» Fit distribution to extract ¢ 200f [OK - 'y
150
S mverorevens I
100F
K* - 7T+7TOV 252 & 654t T 155yst E
K+ - 7T+7TO7TO 58 i SStClt i 35yst 50:
[ 1| I L1 1 | I 11 1 | [ |
K+ - 7T+7T+7T_ 83 i 3stat i Zsyst
g 12f T T
Total background 393 + 94 + 185y, < ¥4 + +
g H g T
Data 4039 g.g %—
Data _ background 3646 i 67 0:? E | |D-|2| 1 | 6 |25| 1 | |U.|3| 1 | (l} |35|‘ L1 IO.|4I 11 E]|4vs| | 1 |D|5|

z=M_ (r*)/ M2

miss
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The K™ —» ™ yy analysis

E787 (1997)

31 évenls

NA48!2 (2014)

1 49 events

NABZ-ZOO? (2014)
232§ events :

331 events

NAsz (2022) - thls result
4039 events H

NA48!2 + NABZ-ZOD? (2014)

0.5 1

25
ChPT O(p°) &

E787 (1997)

315 events ?

NA48.‘2 {2014}
149 events :

NA62-200? (2014)
2332 events i

NA43.'2 + NAsz-zuo? (2014)
331 events . : :

NAsz (2022) th|s result
4039 events ' :

i i

II|IIIIII|IIt|III|II|III|II||III|II|III|II|IIII

5 6 7 8 9

10 11

12 13

14

Br(K'— m*yy)x107

O Preliminary result

» €=1.713 £ 0.0755¢4¢ + 0.037 5yt

> BR(Ki,) =(9.73 £ 01754 £ 0.08,5) x 1077
» Totalerror reduced by a factor 3

Excited QCD 2022, 27-10-2022

20




Conclusions

dLong tradition of kaon measurements at CERN

>NA48/2 result: First measurement of BR(K* - n°z°u*v)
> Updated measurementof BR(K™ - mw*vv), compatible with SM predictions

> Relative precision of BR(K* - m'e*vy)/BR(K,3) betterthan 1% in 3
regions, and measurement of T-asymmetry (first measurementin R2 and R3)

» Improvement of factor >3 on BR(K* » n*u"u~) and a,, b, ChPT form
factor parameters

> Factor 3 improvement on measurement of ¢ ChPT parameterin K™ — tyy

Jdincoming
» Papers in preparation
» New data-taking period started in 2021 with improvement detector setup
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