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•  K	à	πνν 

•  µ	à	eγ,	3e	
•  µ-e	conversion	
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Kà	π ν ν 	and	SM	

Prospects to measure KL → π0νν at the SPS – M. Moulson (Frascati) – Physics Beyond Colliders – CERN – 7 Sept 2016

K → πνν and the unitarity triangle

3

•  Intrinsic theory uncertainties ~ few percent
•  BR measurements for both K+ and KL 

determine the unitarity triangle   
independently from B inputs
•  Overconstrain CKM matrix � reveal NP?

Dominant uncertainties for SM BRs are from CKM matrix elements
Buras et al., 
JHEP 1511

η 

ρ 

−

−

−

Hypothetical CKM fit to K → πνν 
10% mmts for K+ and KL 

−

	
The	very	small	hadronic	error	makes	these	decays	

special	
	

Precision	of	predicDon	limited	by	
CKM	parameters	themselves	
	
à  Knowledge	of	γ,	Vcb	and	Vub		
					will	be	improved	by	LHCb	&	Belle	II	
	
Overconstrain	UT	triangle	to	reveal		
possible	New	Physics		

Truly	complementary	to	the	large	efforts	in	B	physics	

Large	gap	between		
Theory	and	Experiment	

NNLO	QCD:	Buras,	Gorbahn,	Haisch,	Nierste	
PRL95	(2005)	arXiv:hep-ph/0508165	
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(Decays	at	rest)	



Κ+→π+νν  Beyond the Standard Model 

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

  MSSM gluino-squark box diagrams [Crivellin,D’Ambrosio, Kitahara, Nierste, PRD96 (2017), 015023] 

  MSSM analyses [Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006) 064] 

  Simplified Z, Z' models [Buras, Buttazzo,Knegjens, JHEP11(2015)166]  

  Littlest Higgs with T-parity [Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 182] 

  LFU violation models [Isidori et al., Eur. Phys. J. C (2017) 77: 618]  

Randall Sundrum Z'(5 TeV) in Constrained MFV LFU violation 
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Loop	Effects	from	Vector	Leptoquarks	
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arXiv:1007.02068					A.	Crivelling,	C.	Greub,	F.	Saturnino	
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NA62	at	the	CERN	SPS	
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NA62 beam and detector 
[NA62 Detector Paper, 2017 JINST 12 P05025] 

  SPS Beam: 
  400 GeV/c protons 

  2.1012 protons/spill 

  5s spill [3s eff.] / ~16 s 

  Secondary positive Beam: 
  75 GeV/c momentum, 1 % bite 

  100 µrad divergence (RMS) 

  60x30 mm2  transverse size 

  K+(6%)/π+(70%)/p(24%) 

   For 33x1011 ppp on T10  

  à   750 MHz at GTK3 

  Decay Region: 
  60 m long fiducial 
region 

  ~ 5 MHz K+ decay rate 

  Vacuum ~ O(10-6) 
mbar 

GTK: Si pixel with σt ~100 ps 
STRAW: in vacuum chamber 
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Detector and Performances: arXiv:1703.08501  
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New	Decay	in-flight	technique	



NA62	Gigatracker	
Si	pixel	
~0.5%	X0	
~	18	cm2		
100	MHz/	cm2		

σt	~	100	ps	
σx,y~	100	µm	
Microchannel	cooling		
		
	

Augusto	Ceccucci/CERN	 7	Karlsruhe,	October	1,	2018	



Signal Region Definition 

Κ+→π+π+π- 

Κ+→µ+ν

Κ+→π+π0 

K+ decay events in the fiducial decay region 

4m2
π+ 

m2
π0 

NA62 Preliminary 
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The main backgrounds are bound kinematically while the signal is not 



First Results: 2016 data  

One candidate observed with 0.27 SM and 0.15 
background expected 

NA62 Preliminary 
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RICH ring for the candidate 

π+ µ+ e+ 
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Results 

 One event observed in Region 2, paper in preparation 
 The results are compatible with the Standard Model 
 For comparison, taking the candidate to be signal: 
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NA62	Prospects		

•  2017	Data	
–  ~20	Dmes	2016	staDsDcs	
–  ReducDon	of	upstream	backgrounds	

•  2018	Data	
– Data	taking	unDl	mid	November	
–  Further	reducDon	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	
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 Κ +→π +νν : first NA62 results (A. Ceccucci) 

 Heavy Neutral Leptons in NA62 (Dump)  

U2
e:U2

µ:U2
τ = 52:1:1 

Normal hierarchy of active 𝛎 masses 
U2

e:U2
µ:U2

τ = 1:16:3.8 
Normal hierarchy of active 𝛎 masses 

U2
e:U2

µ:U2
τ = 0.061:1:4.3 

Normal hierarchy of active 𝛎 masses 

Scenario 1 Scenario 2 Scenario 3 

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

  NA62   

NA62 projections  
with 1018 pot 

NA62 projections  
with 1018 pot NA62 

projections  
with 1018 pot 

Window of Opportunity to search for HNL and Dark Particles 
 in dump mode in the near future 
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KOTO	Principle	
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K.	Shiomi,	ICHEP	2018	
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No	Candidate	events	found:					BR	<	3	x	10-9				90%CL	
For	the	future	increase	intensity	from	50	to	90	kW	
“Aiming	to	go	below	10-10	in	a	Dmely	manner”	
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M.	Moulsson,	ICHEP	2018	
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  KL→π0νν:  Comparison of Techniques 

E391a J-PARC 

KLEVER@SPS SES is unique if the E391a/KOTO technique is established 
KOPIO (Time of Flight) technique at the needs 100 ps long proton bunches 

Picture adapted from KAMI proposal 

SPS 

U-70 
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Charged	Lepton	Flavour	Viola<on	

•  It	is	not	0	in	the	SM!		
•  BR(µ	à	e	γ)	~	α	(Δm2/m2

W)2~10-54	

•  LFV	exists	in	neutrino		
				oscillaDons	(first	place	where	
			BSM	physics	is	expected	to		
			appear	if	SM	is	an	EFT)	
•  cLFV	is	“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	
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Golden	observables:	State	of	the	art		

•  Br(µ	à	e	γ) < 4.2 x 10-13   90% CL   
(MEG, 2016) 

•  Br(µ	à	eee)< 1 x 10-12   90% CL  
(Sindrum, 1988) 

•  µN àeN (Mu e conversion) 
   Br(µ Au à e Au)< 7 x 10-13  90% CL 
    (Sindrum II, 2006) 
•  Br(τ àµγ)< 4.4 x 10-8  90% CL 

(Babar, 2010) 
•  Br(τ à3µ) < 2.1 x 10-8   90% CL 

(Belle, 2010) 
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cLFV	with	“effec<ve”	Lagrangian		
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Dipole	operator	
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Example	from	systema<c	EFT	approach	
(Crivellin,	Davidson,	Pruna,	Signer)	
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µ	à	e	γ	
Signal:	back-to-back	topology,		
Dme	coincidence	

Irreducible:		radiaDve	decay	with	very	
likle	missing	momentum	
(cf.	Pruner,	Signer,	Ulrich,	arXiv:1705.03787)		
	

Reducible:		Accidental	photon	
overlapping	to	a	Michel	electron	
à	Push	Dming,	vertex,	momentum	
and	energy	resoluDon			
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MEG2:	Status	
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MEGII:	Projec<on	

Augusto	Ceccucci/CERN	 24	Karlsruhe,	October	1,	2018	



µ	à	eee	
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Mu3e	

PSI	PiE5	Beam:	>	108	µ/s,	28	MeV/c	
Target:	mylar	double	hollow		cone:	
R=19	mm	
L	=	100	mm	
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Mu3e:	Sensi<vity	

Data	Taking	from	>	2021	
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µ	–	e	conversion	
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Modified	Michel	Spectrum	
Recoil	tail	up	to	end-point	
Need	high	resoluDon	spectrometer	
	

Decays	in	orbit	
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DeeMe	@	MLF	3	GeV	RCS	

RotaDng	target	

Augusto	Ceccucci/CERN	

C	target:	8	x	10-14	(1	y)	
SiC	target:	2	x	10-14	(1	y)	
																				5	x	10-15	(4	y)	
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Mu2e	
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COMET	Plans		

Augusto	Ceccucci/CERN	

Phase	I	commissioning	to	start	end	of	2019	

SES	~	3	x	10-15	
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Outlook	

•  TesDng	forbidden	and	rare	processes	complements	the	
parDcle	physics	done	at	colliders	

•  It	exploits	exisDng	proton	complex		
•  K	à	π νν decays,	the	“holy	grail”	of	K	physics,	are	
being	studied	in	detail,	much	progress	expected	within		
~two	years	

•  An	Incisive	Lepton	Flavour	ViolaDon	program		in	µ 
decays	is	in	place	

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

Augusto Ceccucci/CERN 35 



KL→π0νν decay
• Breaks CP symmetry directly

2

̅
• Suppressed in the SM

• Small theoretical uncertainty:2%

-> Sensitive to New Physics

10-8

10-9

10-10

10-11

Direct limit(KEK E391) 2.6x10-8

Grossman-Nir bound 
Indirect limit from K+→π+νν
Br(KL)<4.4xBr(K+)
        <1.5x10-9

̅

Standard model: 3.0x10-11

Below
 Grossman-Nir bound

Large room for
New Physics.

Br(KL→π0νν)̅

18年7月7日土曜日
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MEG:	Result	2009-2013	

Augusto	Ceccucci/CERN	

Br(µ	à	e	γ) < 4.2 x 10-13 

                   90% CL 	

Eur.Phys.J.	C76	(2016)	no.8,	434		
arXiv:1605.05081	
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Suppression	of	Prompt	Backgrounds	

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

•  Observing	window	starts	~	1	
µs	aoer	proton	pulse	

•  Must	eliminate	out-of-Dme	
protons	to	10-10	or	bekerà	
exDncDon	measurements		
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Mu2e	
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