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K*—1*vv in the Standard model NA62 Q

FCNC loop process: s — dvv quark transition

uct 2 Extremely suppressed by GIM mechanism
&
theoretically well predicted

1% 1%

Loops favor top
contributions

A.’)

- 2 . ; 2
Br(K* — n*vp) £ ki J1 + Apy) [(M' X(wt)) - (%(Pc +0P.,) + %Xt) ]

Hadronic matrix element from Ke3 via isospin l
rotation Charm contributes to theory errors 0P

Br(K* = 7*vp) = (844 1.0) x 107"

Br(Ky, — o) = (34 £0.6) x 107"

[Buras. et. al., JHEP11(2015)033]
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NAG2

K*—tr*vv and New Physics

Test of SM Evidence of New Physics
& Custodial Randall-Sundrum [giake, Buras, Duiin, Gemmler,Gori, JHEP 0903 (2009) 108]
g% Simplified Z,Z’ models [suras, Buttazzo, Knegjensi, JHEP 1511 (2015) 166]
11 Littlest Higgs with T-parity [siake, Buras, Recksiegel, EPJ C76 (2016) no.4 182]
< MSSM non MFV [onimoto, Yamamoto, PTEP 2016 (2016) no.12 123B02; Blazek et al. Int J Mod
& n?’ Phys A 29 (2014) 1450162; Isidori et al. JHEP 0608 (2006) 064]
m LFU violation models [isidori et al. Eur. Phys J. C (2017) 7]
BRgp(K, — u'u) .- Re Leptoquarks [s. Fajfer et al. arxiv:1802.00786v1 (2018)]
Inputs to the unitary triangle independent from Z’ (5 TeV) in constrained MFV LFU violation
the B-physics 2 T .
’ mm {AM3,AMp)} @20 f
. ," 0 b sutu @ 20 (1503.06199)
“\; 15 . L
> ’ @ T
- g 10 ',' 253/ &
Indirect probes 3 r /e S
to explore S s
. o A ’/ -
high energy mass scale o
; Lo’ MFV
o "2 1 6 ) 10 12 1 05 10 20 30 20
BR(K* = ntwi) [1071] 10" x BR(K* — n*vi)
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Experimental state of the art

NAG2
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S, [ AR E Past experiments: NAG62 experiment at CERN SPS
IR ] Decay-in-flight technique
E787/E949 at BNL _ 2016+2017 data (1+2 observed events)
o 1 Kaon decay-at-rest technique
=r . 1 (7 candidates = -10
g e - e Br(K* — 7 vi) < 1.78 x 107°@90% C.
wh g ] BT(K - T I/I/) = (17.3_10:5) X 10 [arXiv:2007.08218 [hep-ex]](submitted to JHEP)
10 ™0 00 o0 T00- 10 120 130 40150 [Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009]
Energy (MeV)
¥ . [Ok* —» =n*vwMC
) 10_4 = p 0 e -$-data
g = Camerini
s y Experimental upper limit @ 90 % CL \‘ — ‘
T 10 = Experimental two-sided limit
+M é = Klares Theoretical prediction ;
~ 10_ E Cabl
& = Wy = 2016 data
R 10—7 B V¥ Asano 15 200 28 30 35
= 7t momentum [GeV/c]
- \ E787
10_8 E— :E 01 ; . q : \(Si;tlal(*—m*vv
= GIM mechanism v g - }Mﬁ.ﬂﬁ'&.
107 = E787+E949 42 of DS : _
E !7 ) r -.mqu“.:.-...,,---lg,.. ,.,':_ 0. sgt o
10°= T eme————
= . oscillations B o -0.05 :
10—11 I [T N S s PR TR N |FF {elatrlon I L . 2017 data
1960 1970 1980 1990 2000 2010 2020 e T T 0 s T 2

Year of Publication

wt momentum [GeV/c]

E.Minucci - BEAUTY 2020 Recent results from the NA62 experiment



LHC

~——1 AD

M
i

East Area

PS

LINAC 2

LA Lelr
iy & ] 2005 75 m)




The NA62 experiment at the CERN SPS NA62 Q

Broad physics program

Main goal measure K* — mr*vv branching ratio
Rare and forbidden decays : LN and LF violation
Precision measurements

Exotics searches: dark photon, heavy neutral
leptons, axion-like particles

x10'®
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~1.15 x 10"?2 K+ decays in fiducial volume
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The NA62 Experiment: Kaon decay-in-flight technique WAEZQE

€ Fixed target experiment . [ NA62 Detector Paper, 2017 JINST 12 P05025 |
~ 27 400 GeV/g protol?] from SPS New Collimator STRAW CHOD
| Beryllium target LAV MUV1,2
70 1.9 x 10'? protons/spill E T_._T T— Iron
GTK i i {RICH MUV3
Target KTAG SAC
0 — CHANTI Vacuum ;I _ i
1 l_ RICH
1 Unseparated 75 GeV/c Decay Region IRC Dump
o ] secondary beam -~ 105<Z<180m — . LKr
p, ", K (6%) (Ap/p = 1%) ~ 5 MHz K* decays Dipole Magnet
2018 set-up
‘I_f)’ ‘ T ‘ T T T T T T T T T T T T T T ‘ T
0 100 150 200 250
Beam Particles Downstream Particles Z L]
Tag K*: KTAG Tracking: STRAW op~0.3%
Cherenkov detector 0,~70 ps CHODs: plastic scintillator for fast signal ot = 200 ps
Beam Tracking: GigaTraKer 1r/ple 1D:
hybrid silicon pixels ©,~200 ps, o ~0.2% RICH: Ring Imaging Cherenkov detector o: = 100 ps
CHANTI: Anti-counter for beam- GTK3 LKr/MUV1/MUV2: Calorimetric system
inelastics Photon veto system: LKr/LAV/IRC/SAC
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K* — m*vv: Analysis Strategy NAG2Z

-10 i - K* +
SM Br of O(10°"°) Clear signature: K" track m?2 =(PK'Pn)2

@ miss
Ok
High beam intensity Pk+ ___),,”/)-L‘ o_~10° GeV2/ct

e
LT
..............
-----
.~

""""""""""" 3> PV at the K*—mr*mi0 peak

e

Open kinematics Py
powerful background gt 1'§ e
suppression up to O(10") B0
= +— o
g = 2TVY (<10l
e high time resolution ©(100 ps) 107 NL\
e muon suppression > 107 (K*—pu*v) n S
e photon suppression > 107 (K*'>m o ml—yy) 'OF 1 —
e kinematic rejection ©(10%): accurate mzm.SS E \ Vi
. ! 10'45 I»'
resolution = \ /
s -— N :
10 _g c c
e 15<P_<45GeVic - o o
o guarantee high photon veto rejection (P_2  10°¢ ';',’ ';',’ ./,«C“‘*N
30 GeV/c) = n:ln:"‘ L
o guarantee good T/ separation 107504 002 0 002 004 006 008 01 012

mZ,.. [GeV?/c?)
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: 2018 Analysis NA62 Q

Improvements in 2018

el =
<§ - 5 G —— , Detector:
e bt 4 Ny | 10° o New upstream collimator has been installed to
Ty 01— 4 ! reduce upstream background
« [ P -
- | B - - s _|193 Analysis:
0.05~ ! . e Analysis performed in 7 separate categories
= R o i e Category definition depends on hardware
[ ——— configurations (S1 and S2) and momentum
U e e Selection optimize separately for each category
- (" momentum dependent PID, MVA used)
EL Increase in global signal acceptance: from 3% of 2017
B to:
: L e ot e . e 4% before upstream collimator installation (20%
. =iy I lill [.FI'!"i [‘-+-I“-i RIFJ l“-l:l{ 1?—1}'1111 H
050 20 30 40 50 60 70 80 90 100 of data taking)

p_. [GeVic] e 6.4% after upstream collimator installation
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2018 data after selection NA62 Q
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Single Event Sensitivity NAG2 Q

Kt — ntw) A, Br(K'— ntww)

S.BE.§=21 Nzvv ~ Nobs

€tri €
Nizy w0 (A o) Br(KT —mrav) rigger =RV
o1 K*—m*m? normalization channel
(2
=
= 02 Acceptance — Evaluated from MC.
% 0.8 Ratio allows cancellation of systematic effects
=
< 0.7
2 Random Veto Efficiency:
< 0.6 losses of signal events because of the accidental
5 0.5 presence of photons or/and charged particles

0.3 ::;:g:z: :e;:z:::)pr:icity rejection gfw’g p— 7,58 :I: 0.40 syst :I: 0'756$t
0.2 v LKr veto
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Intensity [MHz]
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Back

ground from K* decays

NAG2

Exp. 0
control/signal regions

after mvv

[a— [
(=] =]
a* ~

Entries / (0.0025 GeV¥/c?)
=

. ET
events_m :> N + 0 (Iregzon)

N(rt7Y)

X
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—+— Data
[ ] McKksmen®
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- MC K*—n*n° uncertainty

III[| IIIIIIII| IIIHITI'l IIIIIIIII IIIIIIII| III][II|| TTT

@

Obs. events in *m°
region after Trvv selection control/signal regions in minimum

(including 1 rejection)

Fraction of events in 1r*m°

bias data

Same procedure for the K*—p* v, and K*->m* o' m

backgrounds

104 RegiT_l =S [N Reglon2 K+—)1T+1T'e+ Ve, K+—>1T0|+ \V4 § Expectation
K*—mr*yy are evaluated s 10° + Data
10’ with simulations 2
102 normalized to the S.E.S z
10 *
: . —t—
- i L 10
1 E | | | | | | | | | | | | | | | | | L 1 | | K+_)”+”-e+ Ve Vdii dtiO[l
—-0.02 0 0.02 0.04 0. 06 0.08 0.1 p-value 0.76
m2. [GeVZ/c!]
1 2 3 4
Sample
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NAG2

Upstream Background

Interactions or decays of beam particles upstream of the FV

| Upstream background event |

e e 1" is produced and reaches the downstream
b detectors
.- e no additional particles associated to the T*
Pileu Coll or CHANTI s . S . .
Izt:_p. _________ E-. e e 1 I | T e a K" candidate is reconstructed and matched
crne w— toamt
Background evaluation — Data-driven approach
A A STRAW1,2 STRAW3,4 RICH E r d Expectation
2 10°
[ — z —$— Data
'E‘ / 10 :ial decay region s
110-165 m =)
£ / o
§ 500 J 10* .g
JE T 1 " Projection of the 7" from the fake vertex 2 .
SN I to the entrance of the FV
0 - g 10
L-' ':; J = Geometrical distribution used to define "
500} : o analysis cuts Upstream background
validation
ey n s 10° p-value =0.64
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2018 data: Control regions unmasked and validated MﬁZQ

o 0.1
@; B
2 0.08 —
= B (14+04)_’
£0.06 —
Z Events observed in all
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0.02 L - —10.911.0)
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o ////////////, s
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2018 data: Expected events in signal regions NAGZ Q

Process Expected events (R1+R2)
K" — ntvp (SM) 7.58 %040 075,
Kt — 7t 7%(y) 0.75+ 0.04

K* = ptv,(y) 0.49+ 0.05

Kt —wrnrn ety 0.50 + 0.11

K" —»rnintn 0.24 + 0.08

K™ — ntyy <0.1

Kt =ty <0.001

Upstream background 3.30%0%

Total Background 5.28%7%
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2018 data: Signal regions opened WABZ:QJ

Data
SM K" >ntvww
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5.3 background + 7.6 SM signal expected events — 17 events observed
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2018 data: Signal and background HAGZQ

M2miss distribution for 2018 data integrated over the full ™" momentum.
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Result: 2016+2017+2018 data NAG2Z

175}
£ 12 Expected background I 2018 S1: 80% of 2018 data
2 I Expected SM signal + background : after the installation of the new
= 10 ——— Observed data | collimator
” - | 5 GeV/c " momentum bins
2 o 2018 S2
g °F 201881 2017 2018 S2: 20% of 2018 data before
Z 6 : 2016 the installation of the new collimator
= . integrated over full ™ momentum
L ! ‘ range
4= l +
2
07\ | | 1 | 1 ‘ | | | 1 | | | L | ‘ | 1 1 | | 1 1 | L | | | L | L | | | | 1 1 ””
0 1 2 3 4 5 6 7 8
Category

Run 1(2016+2017+2018 data) preliminary result

BT(K+ — T VI/) = (11 0+3 Estat + O-3syst) X 10_11(3.50 signi ficance)

Maximum Likelihood Fit using signal and background expectation in each category
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* > 1r*vv: Historical contex
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K — Trvv: Grossman-Nir limit NAG2Z

-8
{ £ KOTO Exclusion 90% CL
T_] i
Y : : —
ot 107° — Grossman-Nir Exclusion //
NA62 Run1
E787/E949
- —4—
— SM
III|IIIIIIII|IIII|IIII|IIII

10—11 R
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Br(K*—n*vv) x 10!
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K* — m*u*p: Form Factors and Branching Ratio WAEZQE

FFs K3 loo
p
FCNC decay described in the scope of ChPT, mediated by K-—Try* NLO /ihPT t7m

Together with K* — 1m"e*e"— Test of LFU | ~
dl/dxdz oc G_M? K(/a+bz)+|W""(z)|2,
z=m(y*p)*/M?

K

Analysis:
Precise 3-tracks vertex reconstruction + PID based on LKr + MUV3
FF parameters a and b extracted from fit of z spectrum

Normalization: K*—>t*m*m — N, ~ 6.76 x 102 R@%\N&%

Signal: N(rr*p*yr) = 28011 (9x NA48/2) e (NG

|!\1|!!\‘I!\‘1I!‘\1I\\1!\\I
o NA62 Preliminary NA62 Preliminary
Expected background: < 0.1%
E865, Knee (1999) g E865, Knee (1999) e
10300 events — statistical error only 10300 events — statistical error only
Model-dependent NA48/2, K___ (2009) - NA48/2, K___(2009) s
Br(K+ — Tr+u+“-) - (9 27 + 0 11))( 10-8 7253 events 7253 events
PDG: Br(K* — m*p*p’) = (9.4 £ 0.6)x 10
NA48/2, Knuu (2011) NA48/2, Km“ (2011) —
3120 events 3120 events
NA62, K (2020) — this result - NA62, Knuu (2020) - this result ——
28011 events 28011 events
T S Y Y VY A O A AA O Lo v b b b o Ty [
-0.9 -0.85 -0.8 -0.75 -0.7 -0.65 —06—055 -2 -18 -16 -14 -12 -1 -08 06
Form factor parameter a Form factor parameter b
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LNV & LFV at NA62: K* — mriye* NAG2Z

Interesting to search for New Physics effects, exploring high mass scale E.g mediated by leptoquark
u > u
Experimental strategy: precise three tracks vertex reconstructon+ 5 —<—&---:---- ~\—\<— d
particle ID (LKr+MUV3)
Background: mis-ID e*—1*(data-driven), T* decay in flight £
H . . Kt I
Normalization: K'—m mm <10°F F omorrea] 1O°F T s——r
2017+2018 Data: > A B ke %104 : [
- = E- tsutmeety = 3 e
1.32 x 10'2 K* decays in FV 3'° ¢ o T NN
% 1 03 E — K'—afe’ey], %103 E Bl oo
[ E i - K —mtnptv [ E - K*—p*vere~
@4 g2l Prelisi o G2 o
\1&% E ., . - Total uncertainty E K*—etvutp-
W R@% 105_ * n 105_ " Total uncertainty
% 1E | 1k i
107 10k
10_2 ;_ h|L| l:l’klg elxlplef:teldl:.‘pl.g'zl-il- i 1 | rlied 2| 1 10—2 ;_I 1 N \b 1
Q 1.6 O 1.6E )
S 14 |8 S 14 i
SRS W AP O 8 % i
0'85 u s 085 + T O
o8 L Qe |
300 350 400 450 500 550 600 , 300 350 400 450 500 550 600,
M, [MeV/c?] M, e [MeV/c?]

Br(K* - m*ue*) <6.6 x 10" @ 90% C.L | |Br(K* — mu*e*)<4.2x10" @ 90% C.L
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Heavy Neutral Lepton NA62 Q

HNL production: K*—pu*N, K*—e*N

= = = . 2 — 2
Peak search above continuous missing mass spectrum: m*_.__ =(P -P))
-5
T (—')1 0°E T— NA62 (2007) W
2 9E\\ 0 [ K'—=e'N,K'5p*'N  K'-p*N
= N 0 NA62 (2015)
g \1\ * # % ‘|' o B K'—e'N
g 6; \\ (ﬁ1 0—6 e - RS T e 0 il Wi el
o [ e =
;(; 5¢ \\\ ND_ ;
45 \K —e*N E 5
8 R ©
of %‘\ 511 0’ =
; K'—p*N \\\\\ - -
3508 TR UL OO VO POt e o = - (2016-17) [~
- K'>u'N
100 TR0 200 280 0 L mass [MevicH sl b Al Eaae WA Y VYRIUA NI prelim. 4 New Results
10FE | 4 data sample
| PIENU
8 n—e'N
1 0_ :_ .................................................................................... L -:'\ ........
Final results " :562,("3017"18)
PLB708(2020)135599 _llllll_)lelllllllllllllllllllllllllllllllllll
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Summary & Prospects NA62 Q

e K'—>1*vv NAB2 results from Run1(2016+2017+2018)
o 20(1+2+17) events observed with total expected background ~7

o most precise measurement so far
Br(K* — mtup) = (11.0%30 . £0.3,) x 1071

The result is compatible with the SM prediction within one standard deviation

e New results from analyses on rare and forbidden kaon decays as well as on exotic searches have
been shown

Towards 2021

e NAG2 will resume data taking in 2021
e Upgrade of the experiment setup. Installation of:

o additional beam spectrometer station
o upstream veto counter to reduce upstream background
o new calorimeter downstream of MUV and upstream of the beam dump to further suppress kaon

decay background T%@mﬂ@g
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