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Kaon physics flacilites
CERN IHEP Protvino
ES65, E777, E787, E949 | NA48 NA62, LHCh ISTRA, OKA, KLOD

KEK/J-PARC
KLOE KLOE?2 E391a, KOTO TREK

A variety of experimental technigues:
K decay-in-flight (e.g. CERN), stopped K*, f factory
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Recent K- experiments at: CERN

Experiment NA48/2 NAG2-R¢ NAG2
(K") (K") (K*; starting)
Data taking period 2003-2004 | 2007-2008 | 2014 -2017
Beam momentum, GeVc 60 74 75
RMS momentum bite, GeMc 2.2 1.4 0.8
Spectrometer thickness, X, 2.8% 2.8% 1.8%
Spectrometer P kick, MeVc 120 265 270
M(K- p'p*p’) resolution, MeVc ? 1.7 1.2 0.8
K decays in fiducial volume 2x1011 2x1010 1.2 x1013
Main trigger multi -track; e’ Konidt €
K- pp°p°

Kaon beams: sources of large clean tagged p° samples.
x Ina K" beam, ratio of number of decays p%K"° 1/3.

x Principal p° source: K" - p'p® (known as K, ).

x Best data on many rare/forbidden p° decays come from K experiments.
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The NA4B/2 det

2003 62008 : charged kaon beams,
the NA48 detector

Narrow momentum band K° beams:
P.=60 (74) GeVic, dP, /P, ~ 1%(rms). .

x Maximum K" decay rate ~100 kHz;
x NA48/2: six months in 2003 04;
X NAG62-R.: four months in 2007.

Principal subdetectors :

x Magnetic spectrometer (4 DCH9
4 views/DCH: redundancy Y efficiency;
dp/p =0.48% G 0.009%p [GeV(c] (in 2007)

x Scintillator hodoscope (HOD)
Fast trigger, time measurement (150ps).

Hodoscope
Drift chamber 4
Anti counter 7

x Liquid Krypton EM calorimeter ( LK) o
High granularity, quasi -homogeneous; b;’:;“girge R e, e
SE = 3.2%/EY? & 9%/Ea 0.42% [GeM;
S,=S,=4.2mm/E¥2 G 0.6mm (1.5mm@10GeV).
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DP production in p°-->gA Glecaly e

Batell, Pospelovand Ritz, PRD80 (2009) 095024

B(r® — yU) M2\ *°
~ 2 PP (1- 1)

B(m% — vv) -
\ |

p® transition form factor:

BR@O gA\ﬁBR(pO QXJVS MAO little effect
- valid for €L 1

Kinematical suppression

/ofpo- A0 decay fLor
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DP diecaysinto SMftermions

Batell, Pospelovand Ritz, PRD79 (2009) 115008
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Accessible in p® decays:
[(A"—ete™) = — 2 M 4

Am? 22
_ ey e) 0
- I;j,.( e a éM, [3

Assuming decays only into SM fermions,B R (- Aede™) = 1. 6
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DP lifetime: and meam patth

Assuming decays toSMfermions only,
decay width for M_.L M, s2M_; G, a éM,[3, B R (-Aede )=1
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NA4B/2 data sample

x Method: exclusive search for the decay chain K*- p*p° p°- gA DA 6 e'e .
Fully reconstructed final state, 3-track vertex topology.

x ldentical to K*- p*p°p, p°y- ge*e’; BR(Kypp)=0.24%:
sensitivity is limited by the irreducible K, background.

x Sensitivity: UL(e?) ~ (Kaon Flux)-%? x (Acceptance) -2 x (M., resolution )*'2,
x Number of kaon decays: N, © 2x10%,

V Thatis °4x10%° p° tagged decays in vacuum from K*- p*p° decays.

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

based on HOD multiplicity ( L1) and DCHtrack reconstruction ( L2).

x Signal acceptance : depending on M, ;up to 2.5%.

x Spectrometer mass resolution : s,,.. ¢ 0.012 xM,..
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Kinematic variables:
X =(q1%0,)4/m % = (Mee/M )2,y = 2p(q 1- 5)/[m p* (1-X)] .
(1) Differential decay rate  (lowest order ):

1 d*r(f®~ye'e”) _a 2 (1=%)° ( 2 ”’_2)
I, dxdy o IFCQ) | 4x 1+y7s X

(r=2m¢/m)

(2) Radiative corrections:

Mikaelian and Smith, PRD5 (1972) 1763

Improved numerical precision:
Husek Kampf and Novotny, to be published

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

V TFF slope (PDG, dominated bye*e - e*e p°
measurement): a=0.032°0.004 .

V Modified TFF slope value is used for
adequate data description.

V TFF slope measurement in progress.
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