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SM prediction (Buras et al. JHEP 1511 (2015) 33] BR(K* - n*w) = (84 + 1.0) - 1071
Large gap between

Experimental status (€787, £949) BR(K* - mtw) = (17.31133) x 10711 Theory and Experiment
[Phys. Rev. D 77, 052003 (2008), Phys. Rev. D 79, 092004 (2009)] (Decays at rest)
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K*—a*vv Beyond the Standard Model

B Custodial Randall-Sundrum [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 108]
B MSSM gluino-squark box diagrams [Crivellin,D’Ambrosio, Kitahara, Nierste, PRD96 (2017), 015023]
B MSSM analyses [Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006) 064]
B Simplified Z, Z' models [Buras, Buttazzo,Knegjens, JHEP11(2015)166]
B Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 182]
B LFU violation models [Isidori et al., Eur. Phys. J. C (2017) 77: 618]
Z'(5 TeV) in Constrained MFV Randall Sundrum LFU violation
- (AV‘["P‘A;‘[‘I:-i:i;):s.llhl!)!)) “f
H‘; ',‘KAFV - e }f .;
g = él\'n’} . %‘ 20+
BIR(I\'+ (—> rr*v;7) [l()’lﬁ’]] ) ’ T 0 : : .

10" x BR(K* = ntwi)
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Loop Effects from Vector Leptoquarks

arXiv:1007.02068 A. Crivelling, C. Greub, F. Saturnino

k=1, M=1TeV

mbocrvio

mb-ocrv2o

mb-ourvlo

[ b->urv2o

B Kt > atw ~z
excluded

— BrK* - 7t v]x1010 —0.1

-~ Br1[B, » 17 ]x10?

—— Br[Bs » tt177]x103

-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.2
K K33

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN



Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN




NAG2 beam and detector VAGZ2 Q
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NAG62 Gigatracker

Si pixel

~0.5% X,

~ 18 cm?

100 MHz/ cm?
o, ~ 100 ps
O,,~ 100 um
Microchannel cooling

NAéz GTK

EP-DT
Detector Technologies 6

i\
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Signal Region Definition

The main backgrounds are bound kinematically while the signal is not

K" decay events in the fidu

cial decay region
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First Results: 2016 data
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background expected
Augusto, Cecoucti/OERN 9

[ ]JK* - n*vwMC
L ]
« ° .:" —4-data

[GeV?/

T Y




RICH ring for the candidate

150

100

|III||IIII||II
AY

4 \ A
.
A

. N N

. N \
’ N \ \
' ’ ’ N \ \

N
I ’ ’

o

L 1

o
3

N S
=
=+

-50

-100

-150

|IIII|I|II|IIII|
!
\

—-200

II|IIII|IIII|III~I~-|>IIII|—IIII|IIII|IIII|I

-300 -250 -200 -150 -100 -50 0 50
Mom 15.3, Mirror 24 ( 258.8), Frac M 1.000 0.000, PMT 1.000 0.000
Augusto, Cecoucti/OERN 10




Results

BR(KT — 7tup) < 11 x 1071 @ 90% CL

BR(KT = 7tup) <14 x 1071 @ 95% CL

B One event observed in Region 2, paper in preparation
B The results are compatible with the Standard Model
B For comparison, taking the candidate to be signal:

BR(KT — ntup) = 28735 x 1071 @ 68% CL

BR(KT = ntup)gy = (8.4+1.0) x 1071

BR(K" = D) erp = (17.37152) x 107! (BNL, "kaon decays at rest”)
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NAG62 Prospects

* 2017 Data
— ~20 times 2016 statistics
— Reduction of upstream backgrounds

* 2018 Data

— Data taking until mid November
— Further reduction of backgrounds
— Expect ~ 20 SM events with data collected before LS2

* 2021 - 2023 ...

— Data Taking to complete PNN program to 10%
precision

— Running in dump mode to study the Dark Sector

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN
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Heavy Neutral Leptons in NA62 (Dump) MAEZQ

Scenario 1
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These sensitivities assume to detect all 2-track final states, including open channels, and

zero backgrou

nd

Window of Opportunity to search for HNL and Dark Particles

in dump mode in the near future
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K *—xa *vv: first NA62 results (A. Ceccucci)
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KOTO Principle

K.~ mOv v decay

K. Shiomi, ICHEP 2018

Neutral beam line

target
/ I

proton

“2 v +Nothing+R¢t”

Assuming 2r from m©,
Calculate z vertex.

M2(r0)=2EE>(1-cos 6)

Calculate 70 transverse momentum Rec Z
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Results of 2015 analysis

Summary of background
Inside the signal box

= 500: 6
background source #BG ; 4505_ . ; | . v H
& - P e
Halo neutron hitting CSl 024:017 | = 400 | | | S
Halo neutron hitting upstream . = 35034 A 0 10 4
detectors 004003 | B soB244227| 027015 | 0.11:008
= E ool e
n background 0.03+0.02 . 250 .i:".'{'-_g =3
& = " Ll
Q : » I—' .
KL->m+m-m0 005:002 | & 200% '% I 16l
1505 x - —
KL->27m0 0.02+0.02 100 e
Eo ’ 1
other BG sources 0.02+0.02 §0F- — | 10
o 1 4o+o 15 0
Sum 0.40+0.18 2000 3000 4000 5000 6000

Rec. ©° Z_, (mm)

vix
SES ] .3)( ] 0'9 cf. Grossman-Nir bound <1.5e-9

No Candidate events found: BR <3 x10° 90%CL
For the future increase intensity from 50 to 90 kW
“Aiming to go below 10%in a timely manner”
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A K, — 7% experiment at the SPS K, EVER

400-GeV SPS proton beam (2 x 1073 pot/16.8 s)

incident on Be target atz =0 m M. Moulsson, ICHEP 2018
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Main detector/veto systems:
K,eveR target sensitivity: UV/AFC Upstream veto/Active final collimator
5 years starting Run 4 LAV1-25 Large-angle vetoes (25 stations)
60 SM K, — vy MEC Main electromagnetic calorimeter
S/B ~ 1 SAC Small-angle vetoes
PV '
sBR/BR( n,ﬂvv) ~ 20% C Charged particle veto
PSD Pre-shower detector
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K, -»n’vv: Comparison of Techniques

Background Level (ImmPb/5SmmScint)
Pictixre adapted from KAMI proposal
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KOPIO (Time of Flight) technique at the needs 100 ps long proton bunches




Charged Lepton Flavour Violation

* |tisnotOinthe SM!
* BR(n =2 ey)~ a(Am?/m?,)?>~10>4
* LFV exists in neutrino J;
oscillations (first place where
BSM physics is expected to
appear if SM is an EFT)
 cLFVis “natural” in BSM extensions
* Any measurable effect would be a sign of new physics

 Evidence would be indirect, need more than one
experimental signature to reveal BSM structure

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN
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Golden observables: State of the art

Br(u—>ey)<4.2x 10" 90% CL

(MEG, 2016)
Br(u = eee)< 1 x 1012 90% CL 2 A
(Sindrum, 1988) 2 ° By
uN >eN (Mu e conversion) 5 ms n A,
Br(uAu > e Au)<7x10™390%CL ¥ ., . .
(Sindrum 11, 2006) Ry age -
Br(t Suy)< 4.4 x 108 %% CL LA PO I
(Babar, 2010) . Mut::f;m'_
Br(t ©3u) < 2.1 x 108 90% CL | | e
(Belle, 2010) N

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN
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cLFV with “effective” Lagrangian

A (TeV)

Model independent lagrangian

My . n K "
(K + 1)A2 (k+ 1)A2 10

dipole term contact term
p— ey
u — eee

uN — eN
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b b
Example from systematic EFT approach ‘Ei vs. u/é\
. . . . € €

(Crivellin, Davidson, Pruna, Signer)

M =My
SLR — 1 l. — 1 l
Cob 100 MEG (Br<42-107%) | . Cnvelhn et. al 1100
= = MEG (Br<4-10")
107 === SINDRUM (Br<10"'2) aerV 1702 O3020V2 10™ 8

= = Mu3e (Br<5-107%)
2 [| === SINDRUM II (Br<7-10"'%)
COMET (Br<10'%)

Scalar Operator
1

Dipole operator
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u>ey

Signature
- :
e p Signal: back-to-back topology,
Q<) . o
time coincidence
Backgrounds
ot M+ﬂ°§ Irreducible: radiative decay with very
Q<) little missing momentum
y Q‘( (cf. Pruner, Signer, Ulrich, arXiv:1705.03787)
@V
et pA Reducible: Accidental photon
0‘—@\01/ overlapping to a Michel electron

— Push timing, vertex, momentum
and energy resolution

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN 22



: Status

MEG2

g

W)

23

Augusto Ceccucci/CERN

Karlsruhe, October 1, 2018



MEGII: Projection

~ 6 x10-14

500 k factor (x 1011)
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Signature

U > eee

Karlsruhe, October 1, 2018

Augusto Ceccucci/CERN

Background
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Mu3e

Recurl pixel layers

Scintillator tiles Inner pixel layers
| |

—_—
—_—
———— > uBeam Target “
_—

L L | |

Scintillating fibres

Re-curl stations Central stations

Outer pixel layers

PSI PiE5 Beam: > 108 u/s, 28 MeV/c

Target: mylar double hollow cone: ‘
R=19 mm ‘

L=100 mm
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Mu3e: Sensitivity
Mu3e Phase | /

Different signal BR

o, 107
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u — eee
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Data Taking from > 2021
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U — e conversion

® U converts to an electron in the presence of a nucleus ;= N — e™ N

(Ee = my, ¢ - Bu(Z) - C(A) = 104.973 MeV)

- .J B,(Z) is the muon binding energy (0.48 MeV)
® p
forAIummum'{ C(A) is the nuclear recoil energy (0.21 MeV)

® Signal normalization:

I'(u~4+N—e" +N)
['(u= + N — all captures)

Rie =

Karlsruhe, October 1, 2018 Augusto Ceccucci/CERN 28



. Modified Michel Spectrum
#—=_ """ Recoil tail up to end-point
. Need high resolution spectrometer

Decays in orbit

Bound
Michel
Spectrum
u Decay in Orbit Spectrum for 27Al
> 0035
= Econv - Ee)>
ZT““ (Eco e)
- | -
|2 o.025 iaib )
CE line
1015
0.015 ¥
Recoil Tail
1017
Michel Peak I | | I—
0.005 101 103 105
| |
20 40 60 80 100
E (MeV)
E, (MeV)

Czarnecki et al., Phys. Rev. D 84, 013006 (2011) arXiv:
1106.4756v2
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DeeMe @ MLF 3 GeV RCS

rroaucuon

Fast e;(fraction: Free from backgrounds by
off-timing proton
3GeV < anti-proton production threshold

Accelerated
proton

o Pion production by accelerated proton hits on target  C target: 8 x 1014 (1 y)
On-op+wy SiC target: 2 x 104(1 y)
Q y- trapped by a nuclear. Muonic atom formation 5x10" (4 V)
@ Particles emitted from muonic atom

Q Extract electron via secondary beam line and measure the momentum
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Mu2e

. 8GeV protons from FNAL accelerator complex
. Re-bunching in the Delivery Ring

. Injected onto the tungsten target located in
Capture Solenoid magnet  Recycler Ring

. Single event sensitivity: 3x10-17

. DAQ starts in 2022, 1T yr commissions and 3 yrs
running.

. Proton
Production " Detector
Solenoid @ be_a_"l - :
. Transport —
—a Solenoid

Production Target Collimalor
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COMET Plans

The extinction
COMET Phase-| COMET Phase-lI
p(\ W Pion Capture Section Strategy Extinction @ J-PARC MR Abort
rotons \\\\Wﬂ H ‘Asection to capture pions with a large g
i 3
/ § '?:éce“to" L\ . E 101 = - extraction timing : P4
— Bucket A /0\' .elﬁ.%‘ .§ E t
S L @ r
, 2N :
etector Section = 1 ) -
e A4 \ Bty
muon-to-election conver- . B % MR { =
’ N h=9 ) F t
L 4 filled and 5 empty T
By t B N :_,:: 1042 E_ T
Pion-Decay and o s | | | | | |
Muon-Transport Section 10 140 160 180 200 220 240 260
Gocay of ions under & soenor RF voltage (kV)
dal magnetic field.
long enough so that # of muons/ I 7 ZAN The new measurements with slow extraction are made. The data is under analysis.
proton is the same as Phase-Il. The preliminary result meets the requirements of the experiment. ;

Phase | commissioning to start end of 2019

Parameter __________ |Phasel ________ |Phase2

Bending 90 degrees (beam) + 180 degrees (beam) +
0 degrees (detector) 180 degrees (detector)

SES 3x10 > 3x10 V7

Beam power 3.2 kW 56 kW

POT 3x10 19 3x10 %

Stopped muons on target 1,5x10'*  ggs~ 3 x 1015 1,5x10 18

Running time 0O(100 days) O(1 year)
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Outlook

Testing forbidden and rare processes complements the
particle physics done at colliders

It exploits existing proton complex

K = & vv decays, the “holy grail” of K physics, are
being studied in detail, much progress expected within
~two years

An Incisive Lepton Flavour Violation program in u
decays is in place

Within a decade the current round of experiments will
have explored a lot of unchartered territory
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Background summary

Process

Expected events in R1+R2

K+ — 7w (SM)

0.267 = 0.0015¢0¢ £ 0.0204ys; = 0.032,4

Total Background

0.15 + 0.09,¢ = 0.01

K+ — ntn°%(v) IB
Kt — utv(y) 1B
Kt —watnmetv
Kt —snatata™

Upstream Background

Augusto Ceccucci/CERN

0.064 £ 0.007 540t £ 0.006y¢
0.020 £ 0.0034¢4¢ £ 0.003 4yt
0018i88f?”stat i O-Oogsyst

0.002 £ 0.001s¢0¢ £ 0.0025,4

= n+0.090
O .0!)0_0‘030 Stat
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KL%y v decay

. Breaks CP symmetry directly . Small theoretical uncertainty:2%

. Suppressed in the SM

-> Sensitive to New Physics

Br(KL—>m°%v v)

- 0-8 I Direct limit(KEK E391) 2.6x10'3
N Below
09 —F= Grossman-Nir bound Grossman-Nir bound
Indirect limit from Kt—=>m+v v
O 10—— <1.5x10° y J |
New Physics.

-I O'] 1 iStandard model: 3.0x10 )

Karlsruhe, Octpbber 1, 2018 Augusto Ceécucci/CERN
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MEG: Result 2009-2013

& Sr : I_:',/
-—=u - l:l
I I
1 - 1 /'
4 | /
2
1: S == 2009-2011
; S ===-2012-2013
- ——2009-2013
[ 1 TR B
0 -10 5 10
Branching Ratio
Eur.Phys.J. C76 (2016) no.8, 434

arXiv:1605.05081

Br(in > ey) <4.2x10-13
90% CL
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Table 2 Best fit values of the branching ratios (Bg), upper limits at
90 % C.L. (Byg) and sensitivities (Sgq)

Dataset 2009-2011 2012-2013 2009-2013
Bg x 1013 -1.3 -5.5 -2.2

Bgo x 1013 6.1 7.9 4.2

Sop x 1013 8.0 8.2 5.3

g i N
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= S i
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e
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1 =g J
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N N I
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e
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| < 1 1 1 1
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1 1 1 2l L 1 1
—-60 —40 -20 0 20 40 60
9,., (mrad)
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Suppression of Prompt Backgrounds

Employ pulsed beams to
avoid prompt backgrounds
from pion/kaon decays

Observing window starts ~ 1
us after proton pulse

Must eliminate out-of-time
protons to 101 or better—>
extinction measurements

< 1695 ns >

M arriving at
Stopping Target

Beam hits  Prompt bkg Mainly Decay In Next
target like radiative Orbit background  bunch

pion capture
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Mu2e

Facility Construction Detector Building

Straw Tube Tracker

- |Csl Calorimeter

North face

2 disks, each disk contains 674 undoped Csl
crystals of 20x3.4x3.4cm3

Eérlsruhe, October 1, 2018

Target remote handling CR Veto Extinction monitor



