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K—nvv: introduction

Theoretically clean, sensitive to new physics, almost unexplored

SM branching ratios
(Brod et al., PRD83 (2011) 034030)

Ultra-rare decays with Mode BR,,x1011
the highest CKM suppression: K*—>n+vv(y) 7.81+0.75+0.29
[V V | — A5 K, >10vv 2.43+0.39+0.06
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e Hadronic matrix element can be related to measured quantities (K—rev form factors).
e Exceptional SM precision not matched by any other loop-induced meson decay.

» Measurement of |V,,| complementary to those from B—B mixing and B°—py.

e 6BR/BR=10% would lead to 3|V 4|/|Vy|=7%.
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K*—n*vv: BNL E787/E949

(K —>7%vV never observed)

Technique: K* decay at rest.

Data taking: E787(1995-98), E949(2002).

Incoming K* (710 MeV/c) stopped in target (1.6MHz).

PID: range (entire n*—u*—e* decay chain).

Hermetic photon veto system.

Observed candidates:
Expected background:
Final result:
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BR=(1.73 *1:{2)x10-10

PRL 101 (2008) 191802, PRD 79 (2009) 092004
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Drawbacks of the method:

e Low acceptance (—1%);
* significant background (—30%)
due to & scattering in the target.
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CERN NA62 vs BNL E949

BR(K, —>7v¥) Vs BR(K*—>m+vv) CKM unitarity triangle with kaons

K, —u'n

{ E949 10

experimental
uncertainty )i

10%° x BR(K, — w0uvi)

D. Straub] [
. CKM 20107  , .=
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101% x BR(K* — 7two)

NA62@CERN aims to collect O(100) K*—>n*vv decays with ~10% background
in 2 years of data taking using novel decay-in-flight technique.

Decay signature: high momentum K* (75GeV/c) - low momentum =+ (15-35 GeV/c).

Advantages: high K* production rate (—p,?); high acceptance (~10%);
efficient photon veto (=40 GeV missing energy) + good n*/u* separation by RICH.

However: unseparated beam (kaon fraction: 6%o). 4
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AL S NAG62: sensitivity

400GeV SPS protons - 75GeV (x£1%) kaons
750MHz - 50MHz kaons - 6MHz decays

Vacuum Tank
p<10-° bar

Large Angle Photon Veto SAV:
Small Angle Photon Veto

CHOD
Charged
Hodoscope

CHANTI
UK responsibility, | Charged
funded by ERC grant| Particle
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kaon tagger) Measure Kaon: "lrl "|r ||| RICH LKr MUV
g v | straw

Expected signal & backgrounds Decay Region 65m Tracker
Signal 45 evt/year
K*>n*nf 4.3%  5x1012 K+ decays/year = record SES of ~10-12;
K*—>u*v 2.2% e Hermetic veto & redundant kinematics measurements:;
K*— 3 charged tracks =4.5% < R&D finished in 2010, detector construction in progress;
K'>nnly =2% o Test runs in 2011, 2012;
K S vy =ONA * Physics runs after the LHC shutdown.
Total background <13.5% 5
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K, —>n°vv: E14(KOTO)@J-PARC
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Charged track phySiCS runs: 2012—

Upgraded E391 detector Veto counters
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Signal & background (3 years) o107 (Te crystals)
PoS(KAONQ09)047 = «inaiy
Signal 2.7 2
= : T
KI —>TCOTC0 1.7 810_9 Grossman-Nir limit |
Halo neutron: CC02 0.01 S
Halo neutron: CV-r° 0.08
Halo neutron: CV-n 0.3 10-10 KOTO 1 month KOTIO
Total background 2.1 E391a 10% intensity al
(best exp.limit) |
. . . Standard Model
NA62 might join in ~2017 ¢ 7
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The wider NA62 programme

Searches for LFV/LNF: BR upper limit vs year

e | epton Flavour Universality test

LIS contribution] i :":f::j::::é:_:f::s::j:::
Ry = BR(K*—>e*v)/BR(K*—>u*v). | s g |

_______________________________________________________________________________________________

Decay-in-flight technique established at CERN.
Expected NAG2 precision: 6R, /R, < 0.2%.

Competition: TREK@J-PARC (stopped K*).

________________________________________________________________________________ . :%f'f‘_’!_f_f‘_’?ﬁﬂ
e Searches for lepton flavour/number violation ™ ,AG? S?n,S't'V'ty, o me
K+ snttute-. Krontuet. Kr—soutet 10 1970 1980 1990 2900 201_0

He Hes i ’ ~_ 10 . |Searches for sterile neutrinos
Kf—ornu u*, Kr->ne*e*. -
i mites —1(0)-10 11 £ 107 e
Current Upper ||m|tS 10 o WO, & Ra: — | < LSND-MiniBooNE window
Expected NAG2 limits: ~10-12, -0t R R R
= _4:\
» Searches for heavy sterile neutrinos (m,<m,): L PNV S B B
K*—u*vy; missing mass or v,—vy decay. 0 °Ls . \\ﬂ ,,,,,
. . . . . TRV i K" sufvwy
Possible interpretation of LSND/MiniBooNE T
results: existence of neutrino with m~60MeV/c2.™ T
S.N.Gninenko, PRD83 (2011) 015015 S { VR S DU B DU DU
1} 50 100 150 200 250 300
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‘L Lepton Flavour Physics

(the UK contribution to NAG62)

Lepton Flavour Universality (LFU): not a fundamental law (violated in v sector).
New physics models (2HDM, SUSY, SM4): significant LFU violation.

Observable sensitive to LFU violation:

+ + 2 2 2\ 2
Rk = K= —e 2 _ me ' My — Mg (1 + ijracl.cc:rr,)
IN'K= — p=v) mﬁ_ mz — mﬁ_ N K )
~
1\ Radiative correction
Helicity suppression: f—10-° el o, (2 ),
e : + .+
e SM prediction: excellent sub-permille accuracy: 3 2y 1
not obstructed by hadronic uncertainties. N W+
» Measurements of R, (and R_) have long K and H* ?
been considered as tests of LFU. U
L . . V.,V
e NP contributions accessible experimentally e’ H
due to the suppression of the SM value. RKSM = (2.477+0.001)x10-5
PL99 (2007) 231801
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Ry: new physics
2HDM (including SUSY) — H* mediated > O(1%) effect in large tanp regime;
4 2 2> ~tantB, cf. B.—»uu;
My ms 2. 6, ' Hp
1+ (M%i ) (Mg) (Ais|"tan ‘3] > possibly first evidence for
PRD 74 (2006) 011701 Il charged Higgs boson [J.Ellis, 2009].
JHEP 0811 (2008) 042 uniquely
sensitive e« SHDM-II

p- ]
to slepton - gg,, R,=2.487(12)x10 "
mixing -

LFV . pSM

SM with 4-th generation:
R¢*™M = RM (1-[Ugs2)/ (11U 41°)

—> sub-percent precision on Ry provides

non-trivial constraints on neutrino mixing
JHEP 1007 (2010) 006 50

80

rect searches (LEP)

NAG2 (phase I, 2007-08): 40
» 0.5% precision with 60K candidates; : 30
2

e [imits on H* mass and slepton mixing.

Rg: 95% CL exclusion

0 "3
: I A,=1x10
NA62 goal: | 10 B ssy B AL =5x 10
e <0.2% precision with low background excluded Bl A,=1x10
—_— |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
sample of ~IM K., events. % 0.1 02 03 0.4 05 0.6 07 0.8 09 1
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‘L NA62: UK involvement

NA62UK collaboration:
Birmingham, Bristol, Glasgow, Liverpool.
ERC Advanced Grant funding: —£2M.

(1) Delivery of CEDAR beam Cherenkov tagger

e developed in 1980s for ~1MHz signal rates;

e to be upgraded to NA62 kaon rate (—50MHz):
replacement of existing PMTs and readout;

e unseparated beam (K* fraction: 6%o)

- crucial detector for background suppression  Nose mechanical design (Liverpool).
256 PMTs, ~3MHz/PMT photon rate.

32PMTs/spot -

(CERN report 82-13)

(2) Broadening the physics programme:
e Lepton Universality: BR(K*—e*v)/BR(K*—u*v).

(3) Key UK responsibilities:

- CEDAR project leader;

—> co-convener of lepton flavour and exotics WG;
—> chair of the conference committee;

- 3 (out of 10) members of editorial board.
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Summary

e The K—>nvv decays are extremely suppressed and precisely
predicted within the SM.
- unique sensitivity to new physics;
- a way of pushing the energy frontier above 14 TeV pp interactions.

 NAG2 is the first experiment to measure BR(K—nvv) to ~10% precision.
> A timely measurement complementary to the LHC programme.

 NA62 programme spans well beyond the flagship decay mode.
- Lepton flavour and number violation, sterile neutrinos, ...

e NA62UK: funding secured (ERC Advanced grant, Royal Society University
fellowship). Significant hardware contribution + solid physics leadership.
- Occasion for STFC to broaden physics programme at a modest

investment.

* In the longer term, NA62 aims at a precision K, —r°vv measurement.
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KEK E391a: K, —nlvv

Main barrel Gl calorimeles e o3 £ 06 Good thSiCS runs (Run52,3):
YA vosst . = ccod Feb-Dec 2005

s Pencil K, beam, 2.5x101¢ PoT.
Calorimeter:

,'i ,f 496 (7x7x30)cm? Csl crystals

samanii VE10: Pb+scintillator+W.LS fibers
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II._‘f j 5 FB

) (..I —
i ‘._fl___l_, n n-=yy

- - -

t neutron

-

= = g - - cco2 —H
Movable irame Supnort CV counter Smm Al L > Gl
Principal backgrounds: n%/n production FLUKA simulation
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KEK E391a: final result

round source Es;timaggl_uu.m]g_g of BG
halo neutron BG > CC02-7" C0.66 +0.39)
< 6

Signature: a high-p; n° + nothing Cv-n®

: : : CV-n 0.19 : 0.13
Blind analysis technique employed. i BT S XEREERUR
— - : . K? — vy negligible
> “‘4; E NO events charged modes  negligible (OQ(10%))
Z 035 ebserved in the other BG Dbackward 77 Z0.05
0 e . E S|gnal reglwn :. . residual gas negligible (Q(10~%))
- 024 Py | R Background is dominated
=k / \ LA by beam interactions
0.2¢ [ 5t 3 —_— i, Number of K, decays:
ol R . . , stat syst
P W} T S VY Signal acceptance: ~1%
o\ Koen® SES: (1.1120.02,15+0.104y5)x10°°
0;[}5: } i A_:r)nno !
- S N N ¥ AN Final result:

#7250 300350 400 450 500 550 600 BR(K, —»>70vv)<2.6x10-8 @90% CL
Z,. (cm) PRD81 (2010) 072004
A_snAO NA—nAn°, _ o
NA—NAT nA—nAn at CV Order of magnitude above the GN limit;
at CC02 seen as preparation for JPARC E14 14
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Next step: JPARC E14 (K°TO)

e Proton energy: 30 GeV
 Intensity: 2x10% PoT/spill
bate Spill duration:  0.7s/3.3s
W . Solid angle: OuStr
e~ K /spill: 7.8x106
e Decay probability: 4%

jBPhysics runs planned: 2012-2014
(12 months in total)

J-PARC accelerator complex

< N&dtrino Facilityl

Nuclear and Particle Experimental Facll K, momentum
i

(Hadron Hall)

K, beam: suppression of halo neutrons to ~10-3/K,.
Flux * RunTime * Acc = 3000xE391a (=discovery of SM decay).

——T1 target (nickel) E----—Magneh’c field (2 tesla) Vacum renioe
| Vacuum window(sus) 3 " / g 20
| N, KL ist collimator b W A { them
g X! 15 '
oy PO ¢ 1 B z
Py A i \ 3 i
“GE ! { i v Y ?
\3 { { Tron { L\ Fi L
i - Tungsten alley \ ‘efron
L Photon absorber(lead) Tungsten alloy/ b
) Sm 10m 15m 20m 25 10
:‘ | ; : ; N Momentum, GeV/c
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Arbitrary Units

Kinematically constrained

+ -
K >n*n*n

-0.15

|
-0.1 -0.05 0 0.1 0.15

m2, . GeV?/c*

92% of total background
= =

» Definition of the signal region
» K*— n*n0 forces us to split it into
two parts (Region I and Region II)

Arbitrary Units

NAG2: signal region

NOT kinematically constrained

-0.15

& L 1 1
0.1 0.15
m2. _ GeV3c*

miss

0.05

8% of total background
e

» Span across the signal region
¥ Rejection relies on vetoes/PID

Kinematic rejection power: 104 (K*—n*n0%), 10° (K*—>u*v)

Background contributes via non-Gaussian MS tails; K/7 mismatch.
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