Lancaster EE=3
University # #

1TtvVv From NAG62 and KOTO

Giuseppe Ruggiero (Lancaster University)

First Forum on Rare Kaon Decays
Edinburgh, 22/02/2018

d

NAG2 [ o Ve

S



Contents

* Review of the present experimental status of the K — mvv
decays

« K* - mttvv: NA62 experiment at CERN
« Ky — m%vv: KOTO experiment at JPARC

* Future prospects on K — mtvv

22/02/2018 Giuseppe Ruggiero - Rare Kaon Decays



The K — mvv decays: a theoretical clean environment

* FCNC loop processes: s—d coupling and highest CKM suppression

* Very clean theoretically: Short distance contribution. No hadronic uncertainties.

e SM predictions [Buras et al. JHEP 1511 (2015) 33]

Vel \*° /¥ 074
BR(K* — m*v¥) = (8.39 + 0.30) - 10~11 (W) (73 20) — (84+1.0)-10"1

Vsl \*( Vel \* ¢ siny \?
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Connection with Flavour Physics
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B(K -nvv) 107"

K — mvv NP Sensitivity

Simplified Z, Z” models [Buras, Buttazzo,Knegjens, JHEP 1511 (2015) 166]

Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, EPJ C76 (2016) no.4 182]

Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]

MSSM non-MFV [Tanimoto, Yamamoto arXiv:1603.0796, Isidori et al. JHEP 0608 (2006) 064]

Constraints from existing measurements (correlations model dependent):

* Kaon mixing and CPV, CKM fit, K,B rare meson decays, NP limits from direct searches

Z’” model Randall - Sundrum Littlest Higgs
M- = 500 TeV
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K — mvv Experimental State of the Art
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BR(K* -» mtw) = (17.37132) x 10711 phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)

BR(K} — moWwW) < 2.6 X 1078 (90% C.L.) Phys. Rev. D 81, 072004 (2010)
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K* — m*vv: E787 / E949
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NA62 {, @ CERN - SPS

Birmingham, Bratislava, Bristol, Bucharest, CERN, Dubna (JINR), Fairfax, Ferrara, Florence, Frascati, Glasgow,
Lancaster, Louvain-la-Neuve, Mainz, Merced, Moscow (INR), Naples, Perugia, Pisa, Prague, Protvino (IHEP),
Rome I, Rome II, San Luis Potosi, Sofia, TRIUMEF, Turin, Vancouver (UBC)
= Primary goal:
0(10%) precision BR(KT —» T vv)
Requirements:
e Statistics: O(100) events
 Kdecays 1013
e Signal acceptance ~ 10%

‘‘‘‘‘‘‘‘‘
.....

........

e >10% background rejection
Technique:
K Decay — in —flight
Broader Physics program:
4‘ e LFV—LNVin K% decays
: * Hidden sector particles searches

22/02/2018 Giuseppe Ruggiero - Rare Kaon Decays



' NAG2 Layout

[NA62 Detector Paper, 2017 JINST 12 PO5025]

X [m]

LAV

Target KTAG GTK

0 — LI S
A
i o)
1 400 GeV/c 5 VN33
-2 ecay
2 SPS protons <— Region —~
ff T T T T T T T T T T T T T T T T T T T
0 ’ 100 150 200 250 (mi
. m
Secondary positive beam Decay region and Detectors
Momentum 75 GeV/c, 1% bite Fiducial region 60 m
+
Divergence (RMS) 100 prad K™ decay rate ~ 5 MHz
-6
Transverse Size 60 X 30mm? Vacuum 0(107") mbar

Composition K*(6%) /7t (70%) /p(24%) Si pixel beam tracker + Straw tracker

Nominal Intensity 33 x 101! ppp (750 MHz at GTK3) LKr Calorimeter from NA48
Cerenkov counter for K'id, RICH for m/u id
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NAG62 K* —» mTvv: Analysis Method

mrzniss = (Px — Pn+)2 Process Branching ratio
Kt - ntn® 0.2066
K* - utv 0.6356
Kt » nfnfn 0.0558

~—|_§1cr'§—
i 15 < P+ < 35 GeV/c
m— Particle ID (Cherenkov detectors)
104— Particle ID (Calorimeters)
m— Photon veto
1cr“;—
m-?:u IR IR

-0.04  -0.02 0 002 004 006 008 01 012
m2,. [GeVi/c!]
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NAG62 Keystones

0(100 ps) Timing between sub-detectors

0(10%) Background suppression from kinematics
> 107 Muon suppression

> 107 n® (from Kt — %) suppression

Analysis steps

K™* Decay Event

Fiducial Decay Region

Particle ID: t*

Photon rejection & Multiple charged particle rejection

Kinematic Selection of the Signal Regions
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NAG62 Runs

—— 2014 Pilot run
A? 2015 Commissioning run
u&—% ‘ 2016 Commissioning + Physics run
i 2017 Physics run

2018

210 days Phy5|cs run scheduled
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NAO62 «Luminosity»

2016 run 2017 run
13 x 10 ppp on target (40% nominal) 20 x 10! ppp on target (60% nominal)
~ 2 x 10" K* decays useful for m*tvv 2 +3 x 102 K* decays collected
x10°
= 5¢ % E Total: T4 1.41E+18, T10 7.06E+17
o | 500 — From Argonion
~4.5 L + -
e 5 - From reconstructed K —»x*n*n TickiFil i
§ 4 %OOO:_F!"“\ reconstructed K'—=x*x’ I
Q_ - =2777 All Detector Flags o.k.
3.5 s
S 2500 | -
< 3- 5
2_5; 2000:—
2_ 1500
1.5;— E Technical Stop e
) 10005— I‘
05 159 e Aug15 Sep1 Sep!5 Oct! Oct15
C i ug 1 e t
°" 260 270 20 200 300 31{ ox 166']\',..1épl "l|‘2(;o' lfl\lzzl*ol ‘ '2‘:0\[: ' Eéo' Ilzéofll ’
day in 2016 Junt Jun1s  Jult Jul15  Aug1 Day of 2017

Preliminary results of the analysis of 2 x 101° K*decays from 2016 data
presented [0(10%) 2016 data]
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NA62: K/Tt matching

Sample of K¥ » ntmtn™

0.025— ........................... .......................... n! _________________________ ______________________________ .............................. Tlmlng —

| 0(Terop)~250 ps, o(Tricu)~150 ps

0.02—--e .. .............................. .............................. ..... S — .............................. ..............................
Timing K*:

_ 0(Txrac)~80 ps, o(Terk)~100 ps
0015_ ......................... .............................. .............................. ........................... .............................. ..............................
Spatial matching:
intersection of GTK and Straw track

0.0 o(CDA)~1.5 mm
0.005 A S-S R N S Mis-tagging probability: ~1.7%
é - § 3 [75% efficiency]

5 -1 -0.5 0 0.5 1 1.5
Ttk Tkrag [Ns]
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P [GeV/c]

NAG62: Signal Regions
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e Signal region defined by:
2

Zvertex — Ppt — Myiss

10 20 30 40 50 60 70 80 90 100
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62 5

m Resolution

miss
5 x10°
© = o(pe) - - » Data
> 18 T2 = 0.3% @ 0.005% - p+ || —— Analytical interpolation
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NAG62: Kinematics and Backgrounds

Kt - utv Kt - ntn? K* - ntntn
5 region _I region region
Mpjss » Pret N = : T
mZis(RICH)  pg+ RICH (mg+) = | |
9] i R
mZ;.s(No GTK) pg+ nominal = 0.1~ R
S | I Y .
c B I ~(3000
E 0'05— —2500
o (IS ||| U {2000
Kinematical suppression 0_— : : -
* Measured on data - 1500
Kt - ntn® ~6x107* [ 1000
—0.05 !
Kt > pfv  ~3x107* R
i : : Sample of K* = n*r®
_ Coo o b b T T e T T
057 005 0 0.05 0.1 0
m2. _[GeVZ/c*]
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Pion efficiency

Muon efficiency
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NAG62 Particle ID: ™ — u™ Separation
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Particle ID with calorimeters
e(p) + (M) ~ 107> =+ 80%

e MVA discriminant

Particle ID with RICH
€ring(T) ~ 90% [depends on p,+]
() + gp(m) ~ 1072 + 80%

PID performance measurement:
* RICH and calorimeter combined
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¥ Rejection

] rad
0 1 ——— X mmmm R IRC SAC
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NAG62 Photon Rejection

Before y-reject.,

o°  Minimum bias trigger (D=400) After y-reject., PNN Trigger
180 N |

C 12—
160 -
140/ 10— -

- - N
120 -

C 8\— T —
100~ B 1,_
80— 6
e
40— -

- oL oy
20*_ : /——xk

OIO‘-IISI|0|0|1|7||0|0|1|8||0‘0|1'9"b‘oé"0'021' 0%|||||||||||||||||||||
. . . : 2 0.016 0017 0018 0.019 0%1 B gé%%;cﬁ
Photon Veto conditions: LKr, LAV, IRC, SAC + multiplicity in CHOD
¥ suppression (from tr?) vV losses (random activity, i interactions)
€0 = (1.24+0.2) X 107 15 %
[0(1078) ~25 + 30%]
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NA62 K™ - " vV Preliminary Result
O(10%) 2016 statistics

= - n ST e +.-0
3 i n * Normalization: K™ - ™ m
= 0.1 . /
T - n
% Y 28 _______________________ Expected backgrounds:
¥ 0.05 K+ - mtn? 0.024
e s e Kt - utv 0.011
) I ::‘:;:: :‘-:::::::;:::::::::: Kt -ttt <0.017
i a Beam - induced under study
_0.05 * Estimated with data — driven methods
i | « Analysis on-going, further reduction of
- N(K+ decays) ~2.3x 1010 background expected
_0_1 ] 1 | SN N NN N IR O N N | ] :| A SR R
0.1 —0.05 0 0.05 0.1
m2.__ [GeV?/c?]
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NA62 K* —» vV Preliminary Result

Result on the full 2016 data expected
soon: reaching O(10~19) SES
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NAG62 Prospects

Accelmrator schedule 20715 | £16 | A7 | 18 | 2014 | L0320 | #0341 | FLIFE, | FLFE | FLIFD

LHC

aPg

e  Completion of the 2016 data analysis: O(10719) SES
e 2017 5-months run: order of magnitude improvement vs 2016
e 2018: 200 days run allocated (starting in April).
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JO<c# @ JPARC

S

Goal of KOTO: Observe few SM K; — tvv events

Sapporo
LR

50 GeV Main Ring
(0.75 MW)

3Gev Rapid Cycle
Synch. (25 Hz, 1MW)

Sea of Japan

Sendai
i
[

e

Arizona, Chicago, Chonbuk,

O;aéa o%ag‘g,a B .
° Hanyang, Jeju, JINR, KEK,
Kyoto, Michigan, NDA, NTU,
30Ge Okayama, Osaka, Pusan, Saga,

Yamagata

Gonale
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KOTO Layout

FB Hinemos \u MB HLI v m uu OEV CC4  CCO5 CCO6 BHCY  BHPV  BHTS
m], -
d I\"l I|_ L \
‘ J_\ 1‘ L \ \ k
Neutral beam line [~ -\t
target K, beam ‘\E / - IL y|
I = [—‘—h—g Decay volume "~ & B [
.‘ (Vacunrm) Downstream
\ ' ', — —_— beam pipe
V’ ﬁ | Membrane
] [ T AYR T l z
. 30_GeV/C T r r r T T T 1 1 (HIIIII“nL‘IN. Cﬂnﬂttlﬂl’ﬂﬂﬂhlﬂd
Main Ring protons | | | | | | |
0 2 4 [ ] 10 I- H ]
Secondary neutral beam Decay region and Detectors
Momentum 1.4 GeV/c peak Fiducial region ~ ~3m
Angle of production 16° Vacuum 5% 10”7 mbar
Transverse Size 80 x 80 mm? Csl Calorimeter from KTeV
Composition K} , neutron, photons Hermetic y — veto to suppress K; — om0
Intensity (2013) 3 x 1013 ppp on target (25 kW) Waveform digitizer

Intensity (2015/16) 30 /42 kW
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TTVV

Analysis: the Method

Rec. n° Py (MeVic)
g

LU LU LU AL L L LA LR LRy

Eﬂ T

Particles missing in the downstream gap
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KOTO Runs

Run49 Run62 Run63 Run64 Run65 Run69
_5ox10" = = NN N 50 —
= FIrst ' i =
2 physmsrunJ _____________________________________ <
=] Q
& S
= o
= Operam)n of” Hadron facmty """""""" o
E was stopped é
T Y | | A S R S S S (]
< m
) | | I | | L
2013 2013 2014 2014 2015 2016 2016
Jul Dec Jul Dec Jul Jan Jul
2013 First physics result [PTEP 2017, 021CO1]
2015 - 2016 20 X statistics of 2013 run
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KOTO 2013 Result

e  Datafrom 2013 run: N(K;)~2.4 x 1011, S.ES1.3 x 1078
«  BR(Kp » mWwW) <5.1%x1078(90% C.L.) [PTEP 2017, 021C01]

. Background in signal region dominated by neutrons

S e i
2 asofExpec !
Background source Number of events EF 451;.% 47 Ly »
A N ; N 0oL M 17012 - 0.03:0.03
E —ztg-x" EL%% 335“5_ %o “, | a
K-y 0300018 = M0 o | N 016011
Pileup of accidental hits 0014+ 0,014 250 . -.%- N e
Oither &, background 0,010 4 0.005 200 - - {114 016 0 on:
Halg peuirons hiiting NCC 0056 4 0,056 Y # | st0re | 0 03.0.03
Halo neutrons hitting the calormmeder 18 +0.15 = L PR | S _
Total 134£016 wE e, 0
sof- 0 1 124u052 - 0.01:0.01
= 1J}H;U£F

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Ree, =" Z,, [mm]
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KOTO After 2013

Thinner vacuum window, collimator realignment: reduction of m° from neutrons
Beam pipe charged veto: 1/10 reduction of K; —» n¥m~m°
Special run with Al target to collect neutron — enriched events

Better Photon — neutron identification in Csl calorimeter

+ Cluster Shape Discrimination + Pulse Shape Discrimination
1k

1/1500 neutron reduction S . 7z
_ N =& Neutron 7
ith 90% signal acceptanceg N ) _
10 e
Neutron /Z;

I T

Photon - _with 90% signal accepts ACE
i . 7_//'_{’ e

18 ke T 7

arrraciok i
0o 01 02 03 04 05 06 07 08 089 1
Pulse-shape Likelinood ratio

x 5 reduction of neutron background vs 2013 data analysis
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KOTO 2015 Analysis

Small subsample of 2015-2016 statistics analysed (run62)
N(Kp) ~ %X 1.6 of the 2013 run

Wider signal region thanks to the better vy rejection: +40% signal acceptance
S.E.S.~5.9x 107°

Q mgobsewed |.11
. 2 480E- - s
BG in Box #BG = m:_Expcct;:d
- = - —3
A 0.03+0.02 [0.01+0.0(2 3
— +. 0 U = [ ] [
K -~ 0.04+0.01 & mf .,
LTy - 1.0
Upstream Events 0.04+0.04 W L aEns —15
1505_ = -.:_.: 0.05+£0.0
Neutron Events 0.05+0.02 P S R 1
: : = 1.0 05
Other BG Under Estimation YE 0.36+0.04 0 00+0 0
= ' P e N 0

i

T
Rec. n’ Z,,, (mm)
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KOTO Prospects

2015 — 2016 analysis: < 107° S.E.S. 2015

Upgrades to reach SM

. New barrel detector (April 2016)

. Beam pipe modification (on going)
. Csl both end readout (MPPC, 2018)
. JPARC 42 kW - 100 kW (2019)
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s
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X20 POT
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K — mtvv Prospects
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Lancaster E=3
University ¢

Conclusions

Kaon experiments NA62 at CERN and KOTO at JPARC are exploring
physics beyond SM primarily via K — mvv for 10 — 103 TeV scale:

« K* - mtvv: NA62 expected to reach the SM sensitivity soon;
BR measurement expected in the next few years

« K - movv: KOTO expected to reach < 10~? sensitivity soon;
SM sensitivity expected by 2021.

Both experiments are running and data analysis on-going
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