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Outline:  
 

1)  CERN kaon programme  and the NA48/2 experiment  

2)  Dark photon search via the p0­gAõ decay 

3)  Preliminary NA48/2 results  



Kaon physics facilities 
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FNAL 
 

KTeV 

BNL 
 

E865, E777, E787, E949 

CERN 
 

NA48, NA62, LHCb 

LNF 
 

KLOE, KLOE-2 

IHEP Protvino  
 

ISTRA+, OKA, KLOD 

KEK/J-PARC 
 

E391a, KOTO, TREK 

A variety of experimental techniques:  

K decay-in-flight (e.g. CERN), stopped K+, f factory  
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CERN NA48/NA62 experiments 

SPS 

NA48/NA62: 
centre of the LHC 

Jura mountains 

Geneva airport 

France 

Switzerland 

LHC 
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Kaon decay in flight experiments.  

NA62: currently ~200  participants, 29 institutions  

NA48  

1997:  eõ/e: KL+KS 

1998:   KL+KS 

1999:  KL+KS KS HI 

2000:  KL only  KS HI 

2001:  KL+KS KS HI 

2002:  KS/hyperons  

2003:  K+/KĬ 

2004:  K+/KĬ 

tests  

NA62  

2007:  K°e2/K°m2 

2008:  K°e2/K°m2 

discovery 

of direct  

CPV 

Earlier: NA31  
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NA62  
RK phase 

NA48/1  

NA48/2  

tests  

2012: technical  run  

2014: 1st K+­p+nn run  
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 Recent K° experiments at CERN 
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Experiment NA48/2 

(K°) 

NA62-RK 

(K°) 

NA62 

(K+; starting)  

Data taking period  2003-2004 2007-2008 2014-2017 

Beam momentum, GeV/c  60 74 75 

RMS momentum bite, GeV/c  2.2  1.4  0.8  

Spectrometer thickness, X0 2.8% 2.8% 1.8% 

Spectrometer PT kick, MeV/c  120 265 270 

M(K°­p°p+p-) resolution, MeV/c 2 1.7  1.2  0.8  

K° decays in fiducial  volume 2×1011 2×1010 1.2 ×1013 

Main trigger  multi -track; 

K°­p°p0p0 

e° Kpnn + é 
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Kaon beams: sources of large clean tagged p0 samples. 
 

× In a K° beam, ratio of number of decays p0/K° º 1/3 .  

× Principal p0 source: K° ­p°p0 (known as K2p).  
× Best data on many rare/forbidden p0 decays come from K experiments.  



The NA48/2 detector  
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 Principal subdetectors : 
 

× Magnetic spectrometer (4 DCHs) 

    4 views/DCH: redundancy  Ý  efficiency;  

    dp/p = 0.48% ἅ 0.009%p  [GeV/c] (in 2007)  
 

× Scintillator hodoscope (HOD) 

    Fast trigger, time measurement (150ps).  
 

× Liquid Krypton EM calorimeter ( LKr) 

    High granularity, quasi -homogeneous; 

    sE/E = 3.2%/E1/2  ἅ 9%/E ἅ 0.42% [GeV];  

    sx=sy=4.2mm/E 1/2  ἅ 0.6mm  (1.5mm@10GeV).  

Narrow momentum band K° beams: 

PK= 60 (74)  GeV/c , dPK/PK ~ 1% (rms).  
 

× Maximum K° decay rate ~100 kHz ;  

× NA48/2: six months in 2003-04; 

× NA62-RK: four months in 2007. 

2003ð2008 : charged kaon beams, 
the NA48 detector  

Beam 

Vacuum 

beam pipe 
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DP production in p0­gAõ decay 

5 MAõ, GeV/c 2 

valid for e2Ḻ1 

Batell , Pospelov and Ritz, PRD80 (2009) 095024 

BR(p0­gAõ)/BR(p0­gg) vs MAõ 
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e2  

2e2  

Kinematical suppression 

of p0­gAõ decay for large MAõ 

p0 transition form factor:  

little effect  



DP decays into SM fermions 
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Batell , Pospelov and Ritz, PRD79 (2009) 115008 

Assuming decays only into SM fermions, BR(Aõ­e+e-) = 1 .  

MAõ, GeV/c 2 
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 Aõ decay width vs mass 

2Mm
 Mp0

 

MAõ>2Mp: hadronic decay 

contribution  

Accessible in p0 decays: 

assuming e2=10-4 

MK
 

Aõ decay BRs 

e+e- 

m+m- 

hadrons 

º ae2MAõ/3
 

MAõ, GeV/c 2 
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DP lifetime and mean path  
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Assuming decays to SM fermions only,  

decay width for MeḺMAõ<2Mm:   GAõ º ae
2MAõ/3 ,    BR(Aõ­e+e-)=1  

Proper lifetime:  

DP energy in lab frame vs mass 

Mean°RMS 

K°­p°p0, p0­gAõ 

DP mean path vs mass 
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MAõ, GeV/c 2 

assuming e2=10-6 

1mm 

1mm  

1cm  

DP path can be neglected for e2>10-7:  

standard NA48/2 ò3-track vertexó analysis 
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NA48/2 data sample 

× Method: exclusive search for the decay chain K±­p±p0, p0­gAõ, Aõ­e+e-.  

Fully reconstructed final state, 3-track vertex topology.  

 

× Identical to K±­p±p0
D,  p0

D­ge
+e-; BR(K2pD)=0.24%:  

sensitivity is limited by the irreducible K2pD background. 

 

× Sensitivity: UL(e2) ~ (Kaon Flux)-1/2   × (Acceptance) -1/2  × (Mee resolution )+1/2 .  

 

× Number of kaon decays: NK º 2×1011.  

V That is º4×1010 p0 tagged decays in vacuum from K±­p±p0 decays. 

V Efficient trigger chain for 3-track vertices throughout the data taking  

     based on HOD multiplicity ( L1) and DCH track reconstruction ( L2).  

 

× Signal acceptance : depending on MAõ, up to 2.5%.  

 

× Spectrometer mass resolution : sMee º 0.012 ×Mee.  
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F(x)  

p0
D background simulation  

(3) p0 transition form -factor : F(x)=1+ax .  
 

V TFF slope (PDG, dominated by e+e-­e+e-p0 

measurement): a=0.032°0.004 .  

V Modified TFF slope value is used for 

adequate data description.  

V TFF slope measurement in progress. 

Mikaelian and Smith, PRD5 (1972) 1763 

Improved numerical precision:  

Husek, Kampf and Novotný, to be published  

Radiative corrections: d(x,y)-1 [%] 

y 

(r=2m e/mp) 

Kinematic variables:  
x = (q 1+q2)

2/mp
2 = (mee/mp)

2,  y = 2p(q 1-q2)/[m p
2 (1-x)] .   

x 

(2) Radiative corrections:  
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(1)  Differential decay rate  (lowest order ):  

Lowest order 

decay rate: dG/dx  
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