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Nt Outlook

* The CERN NA62 experiment
* The t® Form Factor (NA62 preliminary results)

» Search for Dark Photon in t® decays
(NA48/2 final result)

 Conclusions
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> The NA62 Experiment

* NA48 (1997-2001): K, /K beams i T
=>»Direct CPV Measurement B T % A s

NAAB/NAS2:

* NA48/1(2002): K. beam eus M sps 77 emisoftheics
=> K. rare decays % ki

* NAA48/2 (2003-4): K*/K beams s
=>» K* precise measurement G Y ,gem.-mir;?t.

Poi
* NAG2(2007-8): K'/IC beams | peglls Il NN Nl |

=>Lepton Universality K,,/K,,

* NAG62 (2014-8): K* beam
=»BR(K*—m*vv), new physics,
rare decays, etc

NAG62: = 200 participants, 30 Institutes
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>\ The Dalitz Decay nt’—e*e7y

e Definition of x and y kinematic variables

2

* - 2 0-° + V-

X=(M;+e) =(pe +2pe)9 y= p” (p; pe)
mﬂo mno mﬂo

* Differential Decay Rate (r’=(2m./m_)?=x

R e )

X
 The Transition Form Factor (TFF) F(x)
F(x)=1+ax, a: TFF slope parameter

min)

e Radiative corrections: o(x,y)
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“\ The ©t° Transition Form Factor (TFF)

* Comparison of TFF slope prediction Dalitz x Spectrum

2]
with measurement: test of 5
>
theoretical models g
Ke]
* 7° TFF slope prediction from Vector “1
Meson Dominance (VMD) model:
a=0.03
* The n® TFF can test models which
edict: i s s s s s
P B — Leading Order N
» Rate of rare decay n®—e'*e : Leading Order x TFF(a=0.3) |
. ] . . 10 1_? .......... L d O d R d I ¥
> Hadronic light-by-light scattering : 5 gatng reorxTmed o I
contribution to (g-Z)M 01 02 03 04 05 06 07 08 09 1

X
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SZ Radiative Corrections

3 (x,y)
> 1 0.05

* Radiative Correction Factor o(x,y) 09
b (o (1+6(x,y))
dxdy \dxdy ),

 Radiative corr. implemented in the MC nt%,
generator including inner bremsstrahlung y’s

e Use Mikaelian and Smith approach revisited by

T.Husek et al 01 02 03 04 05 06 07 08 09
r>-<\0.05: X
Mikaelian and Smith T. Husek et al B ——
. - T —— S —
(PR D5, 1972, 1763) . (PRO D92, 2015, 054027  -oos- ~—_
- —O.E \i‘\
- -().15E O\ \
ﬁ : g NN\
. ; “ . . _0'2_ \
Virtual photon contributions E \
~0.25
ﬁ [ o \
| ; » -0.3
- | T B0+ 8,0 \
-0.35
; C| T Ben(¥) + 8,(0) + 8 (x) \
B S W N U U TR T P

111l 111
01 02 03 04 05 06 07 08 09 1

o

Bremsstrahlung contributions  1-loop 1-y irreducible contributions
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>\ The NA62 layout in 2007

AX 17,18
Final Magnet

1‘ l FDFD collimator DCH1 ' DCH{
A\ Defining | || Profecting ,
. “collim{hr | t collimator Clasiniliig ;
| | ' :i - collimator :
11 gl I— | P | Beam Layout
{8 / \ _ | § | +
KABES 3 - b ) s
: g K* beams
— 3 o . = 75+2 GeV/c
+ focused beams ! . 3 pK
' 1= Fy
\ T'KABES 2 i i
AN '3‘1.‘ 1 ‘V
\/ bFpp 2 ]
END ACHROMAT ) zciryinje ACHROMAT Vacuum He tank +
Quadruplet ) Yy lI.snk Spectrometer
50 1007 200

Main Detectors

* Magnetic Spectrometer: 4 DCH + Dipole Magnet
O(p)/p = (0.48+0.009p)% (GeV/c)

* Liquid Krypton e.m. Calorimeter (LKr)
o(E)/E=(32/VE+9/E+042)% (GeV)

 Hodoscope: trigger and timing
o, =150 ps
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) NA62 Data Sample

L .| NA62
EJ 10§ Preliminar ;Eftinin" _%
NA62 is a Kaon Factory 2 | K - x| ]
~ 10°E
* Use K*—=m*nP (K,.) as a source of § f
g ¢
tagged mt* 10

»  NA62 data (2007) = 2x10%° K* decays
in fiducial region

e =5x10°n” from K,

) ) 04 011 012 013 014 015 016 0.17

Selection of nt” Dalitz decays M [GEV/c?]

L F NAe2 AN R MR RN

e 3 traCkS, 1 Y E’ - Preliminary ;Eftinino :

2 g 10°E gn\:lKi—)n" p.zv E

* 115< M, <145 MeV/c e _
* 0.01<x«<1 E
10°E

10X

_IIIIIIIIIIIIIIIIIIIlIIIIlIIIIlIII
045 046 047 048 049 0. 0.51 052 0.3
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m The non X spectrum
NJTO (X > 001) =1.05 % 106 MO Ky Al Generated Evens

Adjust the MC to the data x spectrum
with a x? test =» TFF slope

NAG
P

— Data
B K* - n* nd
[ K" > ndptv

10

reliminary,

Events / 0.01
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F(x)=1+ax W‘EZQ
Fit of %, TFF

Data divided into 20 equi-populated x-bins

MC generated with a constant TFF slope a_,,=0.032 (PDG world average)

Re-weight MC events with different slopes

2 :
(1+ax,,) 1.05 ;
w(a) — . —e— Data /MC(a=0) L
(1 +a. x ) Form factor: best fit ey
sim~-true Loa L Form factor: +16 band ,'/ ,/'

Find the slope with the best
data/MC agreement

(lowest x?(a): ¥%/d.o.f. =52.5/49) 10
a= (3.70 + O.53Smt) x107% | 1o

1.03

I]IIIIIIIIIIIIIIIII]IIII

=

Statistical uncertainty include data
(main contribution) and MC statistics

NAG2

Preliminary

1072 107" 1
X
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F(x)z1+ax W‘EZQ|
Preliminary Results of %, TFF

Source Uncertainty da (x10?)
Statistical: Data 0.49
Statistical: MC 0.20
Beam momentum spectrum simulation 0.30
Spectrometer momentum scale 0.15
Spectrometer resolution 0.05
LKr non-linearity and energy scale 0.04
Accidental background 0.08
Particle mis-ID 0.08
Neglected nt® Dalitz sources in MC 0.01

a=(3.70+0.53,,+0.36,,,)x107 =(3.70£0.64)x 10~

stat syst
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Comparison with other Experiments

n° TFF Slope Measurements from m

* Only measurements which took
rad.corr. into account are considered Geneva-Saclay (1978)
Fischer et al. . 30k e.vents .
TFF slope theory expectation: Saclay (1989)
 Chiral Perturbation Theory | Fonvielle etal I 30k events
a=(2.90+0.50)x10~
SINDRUM | @ PSI (1992)
[K' Kampf et al. EPJ C46 (2006)’ 191] Meijer Drees et al. I ® 1 54k events
e Dispersion Theory
a= (3 07 + 0.06) x107° TRIUMF (1992)
Farzanpay et al. I » 1 8k events
| M. Hoferichter et al. EPJ C74 (2014), 3180
 Two-Hadron Saturation Model
a=(292+0.04)x10" o2, (2016) Fe-l 1M events

[T. Husek et al. EPY C75 (2015), 586] T Ry T T

n® TFF slope
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> Dark Photon

* Simple extension of the SM: extra U(1) gauge symmetry with
one extra gauge boson, the dark photon A’ with mass m,,

e Assume QED-like interaction with fermions

* Assume mixing between QED and the new U(1) gauge boson
(€ is the mixing parameter)

» Possible explanation for positron excess in cosmic rays
(PAMELA, FERMI, AMS-02) by dark matter annihilation

» Possible solution for the muon g—2 anomaly
= Search for m’=>»yA’ with A’=»e*e (similar to Dalitz decay)
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> NA48/2 data sample

e 2003-2004 data taking
* Simultaneous K*/K  beams with p,=(6013) GeV/c

* Detector setup similar to NA62(2007) but reduced dipole
magnetic field

a(p)/p = (1.02+0.044p)% (GeV/c)
e 2x10'! K* decays in the fiducial volume
» 5x10%° tagged nt° decays (use K*=»mn’, Kr=»mutv)
e Search for a narrow peak in the e*e” invariant mass
* Very good e*e” mass resolution: about 1.1%
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CERN
\

> NA48/2 nf, sample

o KE=>mtn', selection
m

Tyee

m

Tyee

no missing momentum

N(K,. o) = 1.38x107

. Ki-):rcODuivseIection
-(P-P,-P,)

mzss

compatible with zero;

yee

m

N(K,35) = 0.31x107

M. Lenti
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~\ Search for Dark Photon signal

UL for number

Z L
;105_ \\ of DP candidates
2 T ;
* Look for a narrow peak in m,, g N oo
210k
* Doamassscan9<m, <120 MeV/c? 8 E| UL )atsowcL \\
* 404 DP mass hypothesis tested '.E’wa;wmﬂﬂﬁw. . ﬂm
2 e
* For each m,, frequentist confidence ¢ M:@?:‘:.&wm
. . o1 02E exp
intervals for N, obtained from E /A
: SN, SN, \
numbers of observed and expected A N vt B B
20 40 60 80 100 120
events (N, N,,) and their : My (MeV/cY),
uncertainties , L?E‘;Signiﬁcance
o signa
* Local significance never exceeds 3 o: I N

no dark photon signal is observed

"

iM ’L‘VW w\vr\,

-2

DP signal local significanct
o —_
IIIIIIIIIIIIIIIIIIIIIIIII
:;:

_3 1 1 20 1 1 140 1 1 1 60 1 1 80 1 1 I1OOI 1 I-| 20
_ m,. (MeV/c?)
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S Dark Photon exclusion

* NA48/2 final result €

* Improve existing limits in
9<m,.<70 MeV/c? 10° 4 /

* Limited by irreducible 7%
background wl

e |f DP couple to quarks and  10°
decays mainly to SM
fermions, it is ruled out as
explanation for anomalous ;- E141

(g-2) of the muon "'1'0 — "1(1,2

NA48/2

(MeV/c )

Phys. Lett. B746 (2015) 178
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Nt Conclusions

* NA62 (2007) «t° transition form factor slope
preliminary measurement

a=(3.70+0.53,, 036, )x107 =(3.70+0.64)x 107’

* Na48/2 (2003-4) final result on search for
dark photon: Phys. Lett. B746 (2015) 178
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