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Outlook	

•  The	CERN	NA62	experiment	
•  The	π0	Form	Factor	(NA62	preliminary	results)	
•  Search	for	Dark	Photon	in	π0	decays						
(NA48/2	final	result)	

•  Conclusions	
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The	NA62	Experiment	
•  NA48	(1997-2001):	KL/KS		beams	

èDirect	CPV	Measurement	
•  NA48/1	(2002):	KS	beam																					

è	KS	rare	decays	
•  NA48/2	(2003-4):	K+/K-		beams																		

è	K±	precise	measurement	
•  NA62	(2007-8):	K+/K-		beams							

èLepton	Universality	Ke2/Kµ2	

•  NA62	(2014-8):	K+	beam											
èBR(K+→π+νν), new	physics,	
rare	decays,	etc	
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NA62:	≈	200	par9cipants,	30	Ins9tutes	



•  Defini9on	of	x	and	y	kinema9c	variables		
	

•  Differen9al	Decay	Rate	(r2=(2me/mπ0)2=xmin)	

	

•  The	Transi9on	Form	Factor	(TFF)	F(x)	

•  Radia9ve	correc9ons:	δ(x,y)	
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The	π0	Transi=on	Form	Factor	(TFF)	

•  Comparison	of	TFF	slope	predic9on	
with	measurement:	test	of	
theore9cal	models	

•  π0	TFF	slope	predic9on	from	Vector	
Meson	Dominance	(VMD)	model:	
a≈0.03	

•  The	π0	TFF	can	test	models	which	
predict:	

Ø  Rate	of	rare	decay	π0→e+e-	

Ø  Hadronic	light-by-light	scaiering	
contribu9on	to	(g-2)µ	
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Radia=ve	Correc=ons	
•  Radia9ve	Correc9on	Factor	δ(x,y)	

•  Radia9ve	corr.	implemented	in	the	MC	π0D	
generator	including	inner	bremsstrahlung	γ’s		

•  Use	Mikaelian	and	Smith	approach	revisited	by	
T.Husek	et	al	

M.	Len9	 QCD-N'16	Getxo										July	11-15,	2016	 6	

∂Γ
∂x∂y

=
∂Γ
∂x∂y
⎛

⎝
⎜

⎞

⎠
⎟
0

1+δ x, y( )( )

Virtual	photon	contribu9ons	

Bremsstrahlung	contribu9ons	 1-loop	1-γ	irreducible	contribu9ons	

Mikaelian	and	Smith		
(PR	D5,	1972,	1763)	

T.	Husek	et	al	
(PR9	D92,	2015,	054027	



The	NA62	layout	in	2007	
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Beam	Layout	
•  K±	beams	
•  pK	=	75±2	GeV/c	

Main	Detectors	
•  Magne9c	Spectrometer:	4	DCH	+	Dipole	Magnet	

•  Liquid	Krypton	e.m.	Calorimeter	(LKr)	

•  Hodoscope:	trigger	and	9ming	

σ p( ) / p = 0.48+ 0.009p( )%  GeV / c( )

σ E( ) / E = 3.2 / E + 9 / E + 0.42( )%  GeV( )

σ t ≈150 ps



NA62	Data	Sample	
NA62	is	a	Kaon	Factory	
•  Use	K±→π±π0	(K2π)	as	a	source	of	

tagged	π0	

•  NA62	data	(2007)	≈	2x1010	K±	decays	
in	fiducial	region	

•  ≈5x109	π0	from	K2π	

Selec9on	of	π0	Dalitz	decays	
•  3	tracks,	1	γ	
•  115	<	Meeγ	<	145	MeV/c2	

•  465	<	Mπ±π0	<	510	MeV/c2	

•  0.01	<	x	<	1	
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The	π0D	x	spectrum	

Adjust	the	MC	to	the	data	x	spectrum	
with	a	χ2	test	èTFF	slope	
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Fit	of	π0D	TFF	
•  Data	divided	into	20	equi-populated	x-bins	
•  MC	generated	with	a	constant	TFF	slope	asim=0.032	(PDG	world	average)	
•  Re-weight	MC	events	with	different	slopes	

•  Find	the	slope	with	the	best																																																																																	
data/MC	agreement		

					(lowest	χ2(a):	χ2/d.o.f.	=	52.5/49)	
	
	
Sta9s9cal	uncertainty	include	data																																																																										
(main	contribu9on)	and	MC	sta9s9cs	
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w a( ) =
1+ a xtrue( )2

1+ a sim  xtrue( )2

a = 3.70± 0.53stat( )×10−2

F x( ) ≈1+ ax



Source	 Uncertainty	δa	(x102)	

Total	Sta9s9cal	=	0.53	x	10-2	

Sta9s9cal:	Data	 0.49	

Sta9s9cal:	MC	 0.20	

Total	Systema9cs	=	0.36	x	10-2	

Beam	momentum	spectrum	simula9on	 0.30	

Spectrometer	momentum	scale	 0.15	

Spectrometer	resolu9on	 0.05	

LKr	non-linearity	and	energy	scale	 0.04	

Accidental	background	 0.08	

Par9cle	mis-ID	 0.08	

Neglected	π0	Dalitz	sources	in	MC	 0.01	

Preliminary	Results	of	π0D	TFF	
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a = 3.70± 0.53stat ± 0.36syst( )×10−2 = 3.70± 0.64( )×10−2

F x( ) ≈1+ ax



Comparison	with	other	Experiments	

•  Only	measurements	which	took	
rad.corr.	into	account	are	considered	

	
TFF	slope	theory	expecta9on:	
•  Chiral	Perturba9on	Theory	

•  Dispersion	Theory	

•  Two-Hadron	Satura9on	Model	
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a = 2.90± 0.50( )×10−2

K. Kampf et al. EPJ C46 2006( ),  191⎡⎣ ⎤⎦

a = 3.07± 0.06( )×10−2

M. Hoferichter et al. EPJ C74 2014( ),  3180⎡⎣ ⎤⎦

a = 2.92± 0.04( )×10−2

T. Husek et al. EPJ C75 2015( ),  586⎡⎣ ⎤⎦



Dark	Photon	
•  Simple	extension	of	the	SM:	extra	U(1)	gauge	symmetry	with	

one	extra	gauge	boson,	the	dark	photon	A’	with	mass	mA’	
•  Assume	QED-like	interac9on	with	fermions	
•  Assume	mixing	between	QED	and	the	new	U(1)	gauge	boson	

(ε	is	the	mixing	parameter)	
Ø  Possible	explana9on	for	positron	excess	in	cosmic	rays	

(PAMELA,	FERMI,	AMS-02)	by	dark	maier	annihila9on	
Ø  Possible	solu9on	for	the	muon	g-2	anomaly	
§  Search	for	π0èγA’	with	A’èe+e-	(similar	to	Dalitz	decay)	
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NA48/2	data	sample	
•  2003-2004	data	taking	
•  Simultaneous	K+/K-	beams	with	pK=(60±3)	GeV/c	
•  Detector	setup	similar	to	NA62(2007)	but	reduced	dipole	

magne9c	field	

•  2x1011	K±	decays	in	the	fiducial	volume	
•  5x1010	tagged	π0	decays	(use	K±èπ±π0,	K±èπ0µ±ν)	

•  Search	for	a	narrow	peak	in	the	e+e-	invariant	mass	
•  Very	good	e+e-	mass	resolu9on:	about	1.1%	
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σ p( ) / p = 1.02+ 0.044p( )%  GeV / c( )



NA48/2	π0D	sample	
•  K±èπ±π0

D	selec9on	

	
Ø  N(K2πD)	=	1.38x107	

	
•  K±èπ0

Dµ±ν selec9on	

	
Ø  N(Kµ3D)	=	0.31x107	
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mπγee −mK < 20 MeV/c2;

mπγee −mπ 0 < 8 MeV/c2;

no missing momentum

mmiss
2 = PK −Pµ −Pπ 0( )

2

compatible with zero;

mπγee −mπ 0 < 8 MeV/c2;

K±èπ±π0
D		

K±èπ0
Dµ±ν 	

K±èπ±π0π0
D	



Search	for	Dark	Photon	signal	
•  Look	for	a	narrow	peak	in	mee	

•  Do	a	mass	scan	9	<	mA’	<	120	MeV/c2	

•  404	DP	mass	hypothesis	tested	
•  For	each	mA’,	frequen9st	confidence	

intervals	for	NDP	obtained	from	
numbers	of	observed	and	expected	
events	(Nobs,	Nexp)	and	their	
uncertain9es	

•  Local	significance	never	exceeds	3	σ:	
no	dark	photon	signal	is	observed	
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UL	for	number	
of	DP	candidates	

Local	Significance	
of	DP	signal	



Dark	Photon	exclusion	
•  NA48/2	final	result	
•  Improve	exis9ng	limits	in	

9<mA’<70	MeV/c2	

•  Limited	by	irreducible	π0D	
background	

•  If	DP	couple	to	quarks	and	
decays	mainly	to	SM	
fermions,	it	is	ruled	out	as	
explana9on	for	anomalous	
(g-2)	of	the	muon	
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Phys.	Lei.	B746	(2015)	178			



Conclusions	

•  NA62	(2007)	π0	transi9on	form	factor	slope	
preliminary	measurement	

•  Na48/2	(2003-4)	final	result	on	search	for	
dark	photon:									Phys.	Lei.	B746	(2015)	178			
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a = 3.70± 0.53stat ± 0.36syst( )×10−2 = 3.70± 0.64( )×10−2


