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"1. Introduction to NA62 and status of the K™ — vV analysis
2. Other physics results and prospects
3. Future plans and big ideas

ga—
m” e S

o
—
o
~
o
0,
n
o
—

NA62 Status and plans,
PPAP Community meeting 2019



| Motivation to study the K™ — vV decay

R

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

4 4
7 v
A%

* Very clean theoretically
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MHV :
Hl'g ’
= argdVi,Vi;

e Short distance contribution with tiny hadronic uncertainties.
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* Complementarity with B physics in probing BSM flavour sector
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« SM prediction [Buras et al. JHEP 1511 (2015) 33] ’ : e Béﬁpﬁﬂf;)xwﬂ”

'Y General NP o

V., | 2.8 y 074
- mTTvv) = (8.9 + 0. - 107 = (0.84 + 0. - 107
BR(K* 1) = (8.39 + 0.30) - 10714 00207 250 (0.84 + 0.10) - 10710
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https://link.springer.com/article/10.1007/JHEP11%282015%29033
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Measurement of incoming K™ [pg+ = (75 + 1%) GeV/c]

* Timing by KTAG (g; = 70 ps); position/momentum by GTK

Measurement of outing T [15 < p_+ < 35 GeV/(]

e Timing by RICH (o; = 70 ps); position/momentum by STRAW

Hermetic photon veto (LAV, LKr, IRC, SAC ): t¥ — yy suppression at 1.4 x 1078

Particle identification (RICH, LKr,

Kinematic rejectionat 1 X 1073 for K™ > ntn%and 3 x 107 for K* — u*tv(y)

.

, HASC): muon suppression at 1 x 1078
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I UK involvern"ent
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* Spokesperson (Prof. C. Lazzeroni, Uni. Birmingham)
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* Vice-spokesperson (Dr. G. Ruggiero, Uni. Lancaster)

* Coordination of the high-level (software) trigger

e Coordination of computing and software

 Coordination of 2 of 4 analysis working groups (K* — mTvv and rare decays)

* Other responsibilities:
* Full responsibility for the KTAG detector
* Full responsibility for the Run Control system
* Development and operation of the RICH/CHOD/MUV3 hardware trigger
* Run coordination: 3 of 12 (2017); 3 of 17 (2018);
» Responsibility for the GRID infrastructure (and production of simulated events)
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* Editorial board membership: 3 of 10
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" NA62 status;

Three years of K —» mtvv data taking:
2016: ~1 x 10'! K* decays
2017: ~2 x 10'% Kt decays
2018: ~4 x 10'% K* decays
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Protons on target

Dec 16

Apr17

Aug 17

Dec 17

Apr 18

Aug 18

Dec 18
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| Status of the K+ — vy analysis (2016)
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* Result presented last year based on the 2016 data now published: Phys. Lett. B 791 (2019) 156 &
o
* UK leadership i
— 0.12
r:?“ 0.1 [ ]K* » mvwMC
. 11 + > ) . &% ata
1.21 X 10" K™ decays 2 0.08 A —— +-dat
(5 X 10* spills T 0.06
10 x 10! protons per spill) E 0.04

0.02

« A(K* - ntvi) ~ 4% 0
« NP = (.267 + 0.001.4; —0.02
+0.0205,,5; £ 0.032,,, 004

—0.06
* NP9 = 015250038 star £ 0.0135y5c 0

NA62 Status and plans,
PPAP Community meeting 2019

NA62 2016 data
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* One event observed in signal region 2
« BF(KT » ttviy) <14 x 1071° @ 95% CL

.


https://www.sciencedirect.com/science/article/pii/S0370269319301121
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| Status of the K+ — vy analysis (2017) | UK leadership
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"+ Analysis of the 2017 data has just finished. Results presented at Kaon conference on Tuesday ~
o
. . Q
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https://indico.cern.ch/event/769729/contributions/3510938/
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| Status of the K+ — vy analysis (2017) UK leadership
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"+ Analysis of the 2017 data has just finished. Results presented at Kaon conference on Tuesday ‘;‘
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https://indico.cern.ch/event/769729/contributions/3510938/

| Status of the K* — v analysis (2017) UK Ieadersl:i.:'h |

' Final plot before unblinding. All background estimates validated in control regions
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: Status of the-—I.{ T — wTvv analysis (2017)' |

| * Two events observed in the signal region!
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I Interpretatlon See [here] for full presentation at Kaon 2019

4
| / 2016+2017 data: s.e.s.= (0.346 + 0.017) x 10710 s0bs — 3 pexP — 1 65 + 0.31
CLs limit @ 95% CL:

* Observed: BF(K*™ » ntvv) < 2.44 x 10719

» Expected: BF(K*™ » ntvv) < 1.62 x 10719
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Two-sided 68% band: BF(K* - ntvv) = (0.47%97%) x 10710

Also Kt - 11X, X — inv. at the ° mass:
« Observed: BF(°? = inv.) < 4.4x 107° @ 90% CL

NA62 Status and plans,
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Exploiting correlation between charged and neutral mode:
\_ Grossman-Nir limit: BF (K; —» m%vv) < 8.14 x 1071 @ 90% CL

* Also! New results from KOTO: BF(K;, - 7°%vv) < 3.0 x 10~? [PRL122 (2019) 021802]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.021802
https://indico.cern.ch/event/769729/contributions/3510938/

| Future proslgects (2018, LS2 onwards)

4

* 2018 prospects: 4 x 1012 K* decays, 20% gain in acceptance, optimisation of kaon mistagging
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* Leading cause of background in the K* — ™ v¥ analysis is upstream K decays with pileup tracks
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K" (75 GeV | i w I t T[*(< 35 — e h €
( ) i Fake decay GeV) o E
“““““““““““ vertex <ZE z

~ o After LS2: :‘f

« Add 4th GTK station: better track fitting with higher efficiency, to identify dangerous pileup tracks
* Redesign acromat: 3 magnet system (with different strengths), to block m* from GTK2 interactions

* New detector: technology similar to photon veto, to tag 7" — yy decays upstream

I « More kaons: run at nominal beam intensity with 30 x 10! protons per spill -
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| Search for hé—avy neutral lepton production

(@)
o
"+ Based on 2016+17 data. UK leadership. First presented at Kaon 2019 “
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https://indico.cern.ch/event/769729/contributions/3511127/

Searches for lepton flavour/number violation

e SearchforKt - n ete* and ‘;fms;— NA62 % 1'_NA52
| Kt > mutut using 2017 data S :
e UK leadership o
* New limits @ 90% CL : e
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https://www.sciencedirect.com/science/article/pii/S0370269319304988

| Search for other LFV/LNV processes
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e Other LFV/LNV searches are ongoing, with UK leadership and excellent prospects
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e Kt > utetand Kt > ntu~et, SES;;, ~ 5 x 1071 (factor ~5 improvement on BNL-E865)
« Kt > e vutut, SES;, =~ 5 x 10~ (first search for this mode)
Kt > uvetet,SES;; =~ 1 x 10719 (factor 100 improvement on PDG)

Analyses are not limited by backgrounds
Size of the full 2016—18 dataset is =3 times the 2017 dataset

NA62 Status and plans,
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Watch this space!
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| NA62 as a beam dump experiment
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NA62 (as NA62++) included in the Physics Beyond Colliders programme
NAG62 collaboration intends to collect 1018 protons on target before LS3

* Ongoing discussion concerning how exactly this should be achieved

NA62 Status and plans,
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* New detector under construction to veto muons produced in the TAX

Studies to increase beam intensity by 20-50% above nominal
» Detector safety/survivability currently being studied




| What's the b-i—g idea? ‘ o

| * Bigidea:
* NAG62 has initiated a feasibility study for running at considerably higher intensity
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* 4x higher in K™ mode, 6x higher in K, mode. Limited by radiation protection at CERN boundary

M
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: o
* Physics goals: -
e + +.,5 = MHV :
* Improve precisionon K™ —» w7 vv 2 - |
* A complementary measurement of K, » 7°vv I I ’
=
(complementary both to NA62, T

and the KOTO experiment at J-PARC)

A; or Ay only:

NP 2 2
leg | o Im Ay / My
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 Completely new experiments are needed

Ap +A0p | x|AT

* Both new experiments have a large commonality o General NP oc 22220
in terms of the upgrades required (hardware, readout) % 5 10 15 20 25 30
ope Ly atai 11

and are two aspects/phases of the same kaon facility BR(K" — 7"y7) x 10

.



| What's the b—i—g idea? | o '-.

"+ Bigidea:
* NAG62 has initiated a feasibility study for running at considerably higher intensity
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* 4x higher in K™ mode, 6x higher in K, mode. Limited by radiation protection at CERN boundary

* Physics goals:
* Improve precision on K* » T vv

* 4x more intensity means 4x more stringent timing requirements
e Challenging for tracking, and most other detectors
* Especially for detectors in the beam: KTAG and GTK

NA62 Status and plans,
PPAP Community meeting 2019

* However, these challenges are well aligned with other research in the UK (TORCH, LHC upgrades, ...)
* KTAG: require single photon detection with ~40ps resolution at a flux of 10MHz/cm?
e GTK: ~40ps resolution, radiation hard (no need to improve precision though)

e
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| What's the b—i—g idea?
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| * Bigidea: “
o
* NAG62 has initiated a feasibility study for running at considerably higher intensity &
o
* 4x higher in K™ mode, 6x higher in K, mode. Limited by radiation protection at CERN boundary =
1.5 LI I 1 LI Ll LI | LI | 1 LI I
_ | | ‘ | I I I
}] | excluded area has CL > 0.95 : K+—)TC*VV (NAGQ)
. . : : a
* Physics goals: 10F N S
_ - (th. uncertainty) i ~
* A complementary measurement of K; — v i \ Phase 2 % a0
- f K. S (KOTO) 1: ret '5
. . . i F\Br\ Phase1/': _g GEJ
* The K; EVER experiment has been studied extensively L e - ©
= i - )
. i 3 ® m—
“K; Experiment for Very Rare events” R . = E
L —0.5_— : — = E
- Hypothetical CKM fit to K — mvv 2 c
LAV 1621 LAV 22:25 1 MEC L 10% mmtsifor K* and K, © &
4] UV/AFC LAV 1-15 T2 e : < O
~ | pem - N =-
. Y [ et Prospective study on rare Kaons ] <
? _1.5 —I | I 111 i | I I | ‘ L1 1 1 | . | I L1 1 I_ &
-1.0 -0.5 0.0 0.5 1.0 1.5 — 2.0
7 p
| 1 \
Ll Isac 60 SM K, — vy
v , . | ~
< FV > . cpv | S/B ~ 1
80 m from target 130 m 170 m PSD 2415m 5BR/BR(7TOVV) ~ 20%

e




I Summary :

4

2016 measurement of BF(K* - mTvv) now published: Phys. Lett. B 791 (2019) 156
e New measurement of BF(K+ — mtvv) [link]

BF(K* - ntvv) < 2.44 x 1071° @ 95% CL

BF(K* - ntvy) = (0.47%372) x 10710 (two-sided 68% band)

BF (0 - inv.) < 4.4 x 10~ @ 90% CL
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Broader physics programme with UK leadership:
* World’s best limits in heavy neutral lepton production [link]
e World’s best limits in LFV and LNV K * decays: Phys. Lett. B797 (2019) 134794
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What'’s next:

e Perform the K* - v analysis on the 2018 data

e Clear goals for Run 3: improve upstream background rejection, NA62++ beam dump experiment
* Big ideas for after LS3: new experiment(s) required to study K* - ntvv, K; —» vy
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https://www.sciencedirect.com/science/article/pii/S0370269319301121
https://indico.cern.ch/event/769729/contributions/3510938/
https://indico.cern.ch/event/769729/contributions/3511127/
https://www.sciencedirect.com/science/article/pii/S0370269319304988

