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 KL beamline 

 Simulation of KL production 

 Beam momentum resolution 

 Expected KL and background rates 
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 KL production mechanisms  

 KL absorption 

 KL beam momentum spectrum 

 Comparison with Pythia 

 Expected rates 
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Coherent and incoherent mechanisms, data taken from 
“Photoproduction of  phi mesons from hydrogen, deuterium 
and complex nuclei”, G. McClellan, et al, PRL 1971 V26 

Total photoproduction cross section 
as a function of beam energy 

data taken from “Spin effects and baryon resonance dynamics 
in φ-meson photoproduction at few GeV”, A. Titov and T.-S. 
Lee, Phys. Rev. C 67 065205 (2003) 
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φ 

KL 

data from “Spin effects and baryon resonance dynamics in φ-
meson photoproduction at few GeV”, A. Titov and T.-S. Lee, 
Phys. Rev. C 67 065205 (2003) 

data from “Photoproduction of the φ-meson off the 
deuteron near threshold”, A. Titov and B. Kampfer, 
Phys. Rev. C 76 035202 (2007) and  
“Measurement of coherent φ -meson photoproduction 
from the deuteron at low energies,” T. Mibe  et al. 
(CLAS Collaboration), Phys. Rev. C76, 052202 (2007) 
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data from “Production of KL mesons and neutrons 
from Electrons on Beryllium Above 10GeV”, G.W. 
Brandenburg, Phys. Rev. D 7 (1973) 

• ~80% of Kaons will be absorbed 
in Be and lead  

• Elastic Kaon scattering does not 
decrease KL flux on target 
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• KL yield via φ photoproduction was 

simulated in GEANT program 

• Roughly, only over billion photons 

gives KL at target face – simulation 

of 1M statistics at target would 

require generation of ~1015 events 

• Possible solution:  

• generate φ photoproduction on 

each tiny photon track segment 

• Assign weight which equals to 

photoproduction probability in 

case if product KL reaches the 

target 

φ 

GEANT event: 
track segment tree 



growing part of kaon spectrum: 
φ decay cone angle  in lab frame decreases, 
which requires smaller φ production t values (φ 
production angle should be close to φ decay 
cone angle for our geometry) 
 
second part of spectrum is dropping down: 
due to limited γ-beam energies (effect of 
bremsstrahlung spectrum edge) 
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Calculated rates are given for 

 Electron beam current Ibeam = 3.2μA 

 Tagger radiator thickness Xrad = 1%(rad. len.) 

 Beryllium target: thickness Lbe = 40cm, radius RBe = 2cm 

 Distance from primary target (Be) to production target (liquid H2) 

z = 16m 

 Production target (liquid H2) radius Rtgt = 2cm 

 The part of the whole beam integrated over solid angle of 

production target 
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γ–beam yield on Be-target face vs 

radiator thickness for different Be radii KL yield vs Be-target thickness 
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 Time resolution  

 Momentum resolution 

 W resolution 

 Angular resolution 
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
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Time resolution is flat from 
 1GeV KL momenta and defined 
by start counter time 

Momentum resolution ~1.7% at 1GeV/c 
and ~6% at 2GeV/c KL momentum 
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W resolution better than 1% up to 1.4GeV/c 
and within 2% up to 1.9GeV/c KL momentum 
Angular resolution defined by setup geometry 
and within 3mrad 
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polyethylene 

insertion (optional) 

Multilayers shield with magnetic field additionally 

suppresses residual γ / n background by ~20 % in 

comparison with the same thickness solid block 

Total lead 

thickness ~15cm 
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After 15 cm of lead shield 

residual γ background rate on 

hydrogen target (passing 

through collimator hole): 

 

Eγ >   10MeV → ≈    3M/sec 

Eγ >   50MeV → ≈ 100k/sec 

Eγ > 100MeV → ≈   30k/sec 

Eγ > 500MeV → ≈  < 1k/sec 

Residual γ spectrum integrated 

 over 1 second of running 
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 Neutron rate was estimated by two independent 
ways: Pythia generator (photoproduction on 
energies greater than 3GeV (thanks to Sasha 
Somov) and DINREG package (courtesy of Pavel 
Degtiarenko). 

 Both packages give same order number of 
neutrons and KL starting from energies 1GeV     
(140 neutrons per second for Pythia). 

 For low momenta energies number of neutrons in 
DINREG packages increases faster 

 Inclusion of magnetic field, (non-magnetic) iron 
and polyethylene spacers in beam shutter will 
reduce neutron background significantly 

 Placing Be target in magnetic field can reduce 
number of produced neutrons up to 25% 

 

Neutron vs KL momentum 
spectrum 
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 Muons will be removed by swiping magnet after 
beam shutter. Nevertheless special attention is 
needed for muon protection. 

 Muon pair production via Bethe-Heitler process has 
been simulated in GEANT to estimate µ production 
rate 

 Additional muons expected from pions decay (less 
energetic though) 

 Be target and lead beam shutter give roughly the 
same amount of muons, muons produced in lead are 
softer 

 About half of muons have momentum higher than 
2GeV/c; 10% of muons with momentum above 6GeV 
and ~ 1% of muons with momentum above 10GeV 

 Number of produced muons of both signs for 3.2µA 
beam current and 1% radiator ~ 6M/sec 
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Bethe-Heitler muons 
momentum spectrum 
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 KL beam facility at 12 GeV opens horizons for new physics. We expect a lot of new 

ideas and original proposals. 

 Hall D setup and spectrometer perfectly fit KL beam facility needs. 

 High intensity γ-beam is needed to provide measurements in KL beam with order of 

magnitude higher statistics than other beam facilities can provide 

 Big advantage of γ-beam is that it provides low neutron contamination KL-beam 

 Neutron background is comparable with KL-beam intensity. It is seen, that there are 

ways for further background reduction 

 Estimated KL and background rates need to be verified with existing measurements, 

such as NINA experiment data 

 KL and background rates need to be measured experimentally during few days of low 

intensity test beam running. It will also give us more precise estimation of  radiation 

levels caused by KL beam production 
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