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NA62 experiment 
History milestones

• NA48
• 1990 (proposal) - 2007 (most recent paper)
• Main goal: 

• NA48/1
• 1999 (proposal) - 2010 (most recent paper) 
• Goals:                           , Ξ0 decays 

• NA48/2
• 2000 (proposal) -  ... (several analysis are on going)
• Goals:

• search for direct CP violation in                                                             decays 
• precise study of                                 (Ke4) decays
• measurements of rare and radiative decays 
• precise determination of                          (Kl3) form factors

• NA48/3 NA62
• 2005 (proposal) - ...
• Goals: 

• observation of 80 events of the process
• testing lepton universality with Ke2/Kmu2 decays
• .... 2
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NA62/NA48 experiment 
Location

NA48/2: primary beam: 400 GeV protons, ~1012 per 4.8s, secondary: 60 GeV K+/K-  (simultaneous) 
NA62: primary beam: 400 GeV protons, ~1012 per 4.8s, secondary: 74 GeV K+/K- (simultaneous/not simultaneous)



NA62/NA48 experiment 
NA48/2 setup
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Magnetic spectrometer :
4 DCHs -> redundancy

Scintillators hodoscope 

Liquid Krypton EM calorimeter (LKr) : 
High granularity, quasi-homogeneous 
ΔE/E = 3.2%/√E[GeV] + 9%/E[GeV] + 0.42%

muon veto counters

hadron calorimeter

photon vetoes

magnet

Charged hodoscope (2 planes) : 
fast trigger precise time 
measurement (150ps)

helium tank



NA62/NA48 experiment 
Beam time
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2003/04 - K± high intensity runs
2007/08 -                runs
2007-2012 - R&D

2012 - Integration of the available sub-detectors

~2014 - Physics runs after the end of LHC long shutdown

K!!± /K!!± !



The K±→π±γγ process
Motivation
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Rate and spectrum (z=(mγγ/mK)2 ) depend on single unknown parameter ĉ

O(p4) Loop diagrams
(Ecker, Pich, de Rafael, NPB303 (1988) 665))

O(p6) Unitarity corrections
(D’Ambrosio, Portoles, 

PLB386(1996)403))

Distributions of z related to different ĉ values BR(K±→π±γγ) vs ĉ



Scintillators hodoscope 

Charged hodoscope (2 planes) : 
fast trigger precise time 
measurement (150ps)

The K±→π±γγ process
Detection principle
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Magnetic spectrometer :
4 DCHs -> redundancy
Δp/p = 1.0% + 0.044%  p [GeV/c]

Liquid Krypton EM calorimeter (LKr) : 
High granularity, quasi-homogeneous 
ΔE/E = 3.2%/√E[GeV] + 9%/E[GeV] + 0.42%

muon veto counters

hadron calorimeter

photon vetoes

magnet

helium tank

K+

π+

 π± track position, direction⇒ Zvertex



The K±→π±γγ process 
Background sources
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Decay mode Potentiality of misidentification

K±→π±π0 Mass misreconstruction

K±→π±π0π0

Losing additional γ(’s) in veto
(incl. LKr)

K±→π±π0γ (IB) Losing additional γ(’s) in veto
(incl. LKr)K±→π±π0γ (DE)

Losing additional γ(’s) in veto
(incl. LKr)

K±→π±π0γ (INT)

Losing additional γ(’s) in veto
(incl. LKr)

contribution significantly 
depends on concrete 

kinematics and BR of channel



The K±→π±γγ process 
Experimental status
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1997 - BNL E787, first observation
           Br(K± → π±γγ, 100 MeV/c <       < 180 MeV/c)= (6.0±1.5stat ±0.7sys)x10−7

           Candidates: 31, background: (5.1±3.3)
           Fit results: ĉ= 1.6±0.6; BR = (1.10±0.32)×10-6
[P. Kitching et al. Observation of the decay K± → π±γγ. Phys. Rev. Lett., 79:4079, 1997.] 

2005 - Search for the decay K+ → π+γγ in the π+ momentum region P > 213MeV/c
           Br(K± → π±γγ, P>213 MeV/c) < 8.3 x 10-9 (under the assumption of chiral perturbation
           theory including next-to-leading order “unitarity” corrections)
                Candidates: 0
[Phys. Lett. B 623, 192 (2005), arXiv:hep-ex/0505069, BNL-73917-2005-JA]

!!!!" !



The K±→π±γγ process 
Statistics
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• Minimum bias trigger samples, ~52h of data taking in 2004

• Downscaled (control) triggers, 120d of data taking in 2007

• Different acceptances, different beam momentum

• Separate analysis

• Combine results



The K±→π±γγ process 
Results. Signal plots
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2004 data 2007 data

K±→π±γγ candidates: 147
K±→π±π0(γ) contribution: 11.0 ± 0.8
K±→π±π0π0 contribution: 5.9 ± 0.7
K±→π±γγ signal: 130 ± 12

K±→π±γγ candidates: 175
K±→π±π0(γ) contribution: 11.1 ± 1.8
K±→π±π0π0 contribution: 1.3 ± 0.3
K±→π±γγ signal: 163 ± 13



The K±→π±γγ process 
Results. ChPT fits
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The K±→π±γγ process 
Combined Results
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NA48/2
(2004)

NA62
(2007) Combined

ĉ, O(p6) 1.67±0.39stat±0.09syst
= 1.67 ± 0.40

2.21±0.31stat±0.08syst
= 2.21 ± 0.32

2.00±0.24stat±0.09syst
= 2.00 ± 0.26

ĉ, O(p4) 1.36±0.33stat±0.07syst
= 1.36 ± 0.34

1.71±0.29stat±0.06syst
= 1.71 ± 0.30

1.56±0.22stat±0.07syst
= 1.56 ± 0.23

ChPT O(p6) combined BR fit (full kinematic region): BR(K±→π±γγ) = (1.01 ± 0.06)×10−6

preliminary



The K±→π±γγ process 
Future

• Beam

• Special data collection is foreseen. Target is to collect at least one order more    
K+→π+γγ decays than has been ever achieved

• Setup

• A new setup is under construction  

• Analysis procedure

• New approaches could                                                                                             
be implemented
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Summary on the K±→π±γγ process 

• Sample of K+→π+γγ events recorded with a minimum bias trigger has been analyzed

• A set of 130±12 (for NA48/2) and 163±13 (for NA62) signal events of K±→π±γγ decay 
was reconstructed (preliminary)

• The new value of model dependent ChPT O(p6) combined BR fit: 

BR(K±→π±γγ) = (1.01 ± 0.06)×10−6 was achieved

• Improvement of precision of the K+→π+γγ process could be achieved in the next few 
years

15



The K+→e+νγ process 
Motivation

• SD (Structure Dependent term) of the 
decay matrix element is sensitive to 
observables of the K+→e+νγ process and 
gives dominant contribution to the decay 
rate 

• Set of predictions for form-factors are 
given (ChPT O(4), ChPT O(6), LFQM)

• Differential decay rate in term of vector 
and axial form factors V (x) and A(x):
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have ignored the contributions from p2-nondependent
terms involving yri . On the other hand, the
p2-dependence of FA!p2" for the ChPT at O!p6" are in-
sensitive due to the small contributions related to yri [10].
We emphasize that as illustrated in Figs. 1 and 2, the form
factors FV;A at O!p4" in the ChPT are constants [4]. To
evaluate the form factors of FV;A from Eq. (21) in the
LFQM, we have used mu # 0:26, ms # 0:37, and !K #
0:382 in GeV. In Table I, we explicitly display the values of
FV;A!p2 # 0".

By integrating out the variable x in Eq. (28), in Table II
we give the decay branching ratio of K$ ! e$!e" in
(a) the ChPT at O!p4", (b) the ChPT of O!p6" and (c) the
LFQM. Here, as the IB term diverges at the limit of x! 0
corresponding to p2 ! p2

max # m2
K, we have used the cuts

of x # 0:01 and 0.1, respectively. With the cuts, from
Table II we see that both IB and INT% contributions are
much smaller than the SD% ones, which are insensitive to
the cut. We remarks that in Table II, our results for the SD$

contribution to the decay branching ratio in the ChPT of
O!p6" and LFQM are 1.15 and 1:12& 10'5, which are
smaller than that of 1:52% 0:23& 10'5 [5,6] quoted by
the PDG [1], respectively. Note that the value in the PDG
was based on the combination of the data in Refs. [5,6], in
which large constant values of FA $ FV # 0:150$0:018

'0:023 and
0:147% 0:011 were used, respectively. It is clear that to
compare the data with the theoretical predictions, proper
form factors should be used in the data analysis.

To show the behaves of the various contributions in the
ChPT and LFQM, we present the IB and SD% parts of the
differential decay branching ratio as functions of x in
Fig. 3. Here, we do not plot the INT% contributions in
Fig. 4 as they are vanishingly small. As shown in the figure,
in the small x region there is an enhancement for the IB
part, whereas those from the SD% parts are close to zero. In

Fig. 4, we also display the spectrum of the differential
decay branching ratio vs x in the ChPT at both O!p4" and
O!p6" and the LFQM.

TABLE I. The form factors of FV!0" and FA!0" in (a) the ChPT
at O!p4" [4], (b) the ChPT of O!p6" and (c) the LFQM.

Model FV!0" FA!0"
(a) 0.0945 0.0425
(b) 0.082 0.034
(c) 0.106 0.036

TABLE II. The decay branching ratio of K$ ! e$!e" (in units of 10'5) in (a) the ChPT at O!p4", (b) the ChPT of O!p6" and (c) the
LFQM with the cuts of x # 0:01 and x # 0:1, respectively.

Model Cut IB SD$ SD' INT$ INT' Total

(a) x # 0:01 1:65& 10'1 1.34 1:93& 10'1 6:43& 10'5 '1:10& 10'3 1.70
x # 0:1 0:69& 10'1 1.34 1:93& 10'1 6:43& 10'5 '1:10& 10'3 1.60

(b) x # 0:01 1:65& 10'1 1.15 2:58& 10'1 6:22& 10'5 '1:21& 10'3 1.57
x # 0:1 0:69& 10'1 1.15 2:58& 10'1 6:22& 10'5 '1:21& 10'3 1.47

(c) x # 0:01 1:65& 10'1 1.12 2:59& 10'1 4:33& 10'5 '1:29& 10'3 1.54
x # 0:1 0:69& 10'1 1.12 2:59& 10'1 4:33& 10'5 '1:29& 10'3 1.44

FIG. 3. The IB and SD% parts of the differential decay branch-
ing ratio as functions of x # 2E"=mK.

FIG. 4. The differential decay branching ratio as a function of
x # 2E"=mK.

CHUAN-HUNG CHEN, CHAO-QIANG GENG, AND CHONG-CHUNG LIH PHYSICAL REVIEW D 77, 014004 (2008)

014004-6

CHUAN-HUNG CHEN, CHAO-QIANG GENG, AND CHONG-
CHUNG LIH, PHYSICAL REVIEW D 77, 014004 (2008)
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NA62

SD+ is the main contribution

x > 0.2 (x =
2E

cm

�

M

K

) to reduce the
IB background

y > 0.95 (y = 2E

cm

e

M

K

) dictated by
the main background coming from
K

e3

NA62 partial 2007 data set: ⇠ 40%

⇠ 10000 signal candidates

Normalization mode K+ ! ⇡0e+⌫ (K
e3

)

Signal acceptance ⇠ 7%

Background ⇠ 5% of signal

Systematics expected to be dominated by the background subtraction
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SD+ is the main contribution
x > 0.2 to reduce the IB background
y > 0.95 dictated by  the main background coming 
from Ke3From PDG(2012): BR = (9.4 ± 0.4) x 10-6

[KLOE, EPJ C64 (2009) 627, 1484 ± 63 events, 10 < E*γ < 250 MeV, pe* > 200 MeV/c]



The K+→e+νγ process 
Preliminary results
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aim is to achieve 10 time more statistics than predecessor (KLOE)

• ~10000 events was selected, K- samples will be included into analysis
• normalization was performed with K+→π0e+ν decay mode
• acceptance ~7%, background 5%
• systematic uncertainties dominated by background subtraction 



Conclusion

Analysis is going on, in short term new results for the       
K+→e+νγ and K±→π±γγ processes are expected

The collaboration is preparing the new setup and 
measurement of the K+→π+γγ process could be possible 
in the next few years
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Backup slides
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Data samples
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7

Minimum bias triggersMinimum bias triggers

Trigger P1 P2,3 P4 P5,6

Ke2

 

main:
 Q1

 

*ELKR

 

(*1TRK)*L3_autopass/D
50 50 50 50

KP2

 

main: Q1

 

(*1TRK)/D 50 50 150 150

Q1

 

/D – 5000 5000 600

Q1

 

*ELKR 225*) – – 100

NHOD 25*) 50 50 150

Overall downscaling 11.399 17.539 22.782 22.979
K decay flux ×109

(–18m<z<80m)
2.28 6.25 4.51 10.14

*)

 

= variable DS during the period; averaged DS shown

(more information at Ke2

 

web pages)

Downscaling factors of the control triggers in 2007

Overall downscaling factor averaged over the data sample: D = 19.4

Run-dependent weights are applied to MC samples to account for DS variation



Normalization
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Fitting
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Fitting
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Fitting
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Fitting
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