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From HALO to BackgroundFrom HALO to BackgroundFrom HALO to BackgroundFrom HALO to Background

H l M @ATFH l M @ATFHalo Measurements @ATFHalo Measurements @ATF
––2005 2005 SueharaSuehara--sansan
––2006 2006 Lawrence Deacon Lawrence Deacon 
BDSIMBDSIM--Simulation and input beamSimulation and input beamBDSIMBDSIM Simulation and input beam Simulation and input beam 
HALOHALO
––Flat distribution HALOFlat distribution HALO––Flat distribution HALOFlat distribution HALO
––Losses/background extractionLosses/background extraction

Background vs signalBackground vs signal––Background vs signal Background vs signal 
Conclusions, Open pointsConclusions, Open points
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Background sourcesBackground sourcesBackground sourcesBackground sources

Synchrotron radiation :Synchrotron radiation :
This is major background at FFTB experiment, but at ATF2, This is major background at FFTB experiment, but at ATF2, 
critical energy at bending magnet (assuming 1 Tesla) is aboutcritical energy at bending magnet (assuming 1 Tesla) is aboutcritical energy at bending magnet (assuming 1 Tesla) is about critical energy at bending magnet (assuming 1 Tesla) is about 
1 keV. As a result, 1 keV. As a result, synchrotron photons can be easily synchrotron photons can be easily 
stopped by beam pipestopped by beam pipe..

Scattering with residual gasScattering with residual gasScatte g t es dua gasScatte g t es dua gas
Because ATF2 beam line is relatively short (~50m), number of Because ATF2 beam line is relatively short (~50m), number of 
photons of this photons of this background is negligibly smallbackground is negligibly small..

Beam halo scattering with beamBeam halo scattering with beamBeam halo scattering with beam Beam halo scattering with beam 
pipe by Bremsstrahlungpipe by Bremsstrahlung
This is the This is the major background in ATF2major background in ATF2. It has large energy . It has large energy 
up to beam energy (1 3GeV) and large number of photonsup to beam energy (1 3GeV) and large number of photonsup to beam energy (1.3GeV), and large number of photons up to beam energy (1.3GeV), and large number of photons 
created without halocreated without halo--cut componentscut components

Particles from beam dumpParticles from beam dump
This ma also be la ge backg o nd b t it can beThis ma also be la ge backg o nd b t it can be eliminatedeliminated
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This may also be large background, but it can be This may also be large background, but it can be eliminated eliminated 
by geometryby geometry, if we put the detector behind the beam dump., if we put the detector behind the beam dump.



Beam Core/HaloBeam Core/HaloBeam Core/HaloBeam Core/Halo
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Particle Process: Intra Beam ScatteringParticle Process: Intra Beam Scattering
“Tail cut” criteria:“Tail cut” criteria:

–– Exclude rare scatterings: i e small impactExclude rare scatterings: i e small impact–– Exclude rare scatterings: i.e. small impactExclude rare scatterings: i.e. small impact
parameter with rate smaller than damping rate.parameter with rate smaller than damping rate.
–– Consider only particles in the Gaussian coreConsider only particles in the Gaussian coreConsider only particles in the Gaussian core.Consider only particles in the Gaussian core.

Non corrected Gaussian

corrected distribution

MC simulation (~1/x3)
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corrected distribution



Beam Halo (measurement in 2005)Beam Halo (measurement in 2005)
101077 events outside 10events outside 10σσ ((SueharaSuehara--sansan))
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Beam Halo Measurement (2)Beam Halo Measurement (2)Beam Halo Measurement (2)Beam Halo Measurement (2)
Lawrence Deacon, Pavel Karataev,

Grahame Blair, RHUL
ATF2 meeting KEK May 9th 2007

Halo measured using wire scansHalo measured using wire scans

ATF2 meeting, KEK, May 9th 2007

Halo measured using wire scansHalo measured using wire scans
Fitted to a functionFitted to a function
Fraction of beam in halo estimatedFraction of beam in halo estimated
H l idth idthH l idth idthHalo width versus core widthHalo width versus core width
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Beam Halo Measurement (2)Beam Halo Measurement (2)Beam Halo Measurement (2)Beam Halo Measurement (2)
Fit : sum of two Gaussians and a linear function
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Background photonsBackground photonsBackground photons Background photons 
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At the final doubletAt the final doubletAt the final doubletAt the final doublet
Eliminate Background Back away 1m (?)
photons
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HALO propagationHALO propagation BDSIMBDSIMHALO propagation HALO propagation BDSIMBDSIM

BDSIM : Beamline Simulation BDSIM : Beamline Simulation 
Toolkit based on GEANT4Toolkit based on GEANT4Toolkit based on GEANT4Toolkit based on GEANT4
Possibility to generate and track Possibility to generate and track y gy g
secondary particlessecondary particles
P ibilit t i l d M kkP ibilit t i l d M kk ttPossibility to include MokkaPossibility to include Mokka--type type 
(complicated) geometry  (complicated) geometry  from from ( p ) g y( p ) g y
database database 
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Signal PhotonsSignal Photons
(From Shintake monitor group)(From Shintake monitor group)(From Shintake monitor group)(From Shintake monitor group)

Category Parameter Value Unit Reference Dependence comments
Compton cross section SLAC-PUB-8012

Electron energy 0.0013 TeV Complicate(Large -> Small)
Laser photon energy 2 3000 eV Almost inverseLaser photon energy 2.3000 eV Almost inverse
X of Compton scattering 0.02287350
Thomson cross section 6.65 x10 -̂25[cm2]
Compton cross section 6.50228558 x10 -̂25[cm2]

Photon density
Laser bunch energy 200 mJ Linear 100+100mJ
Electron charge 1.60E-19 C
Bunch population 5.43478E+17 Photons

Pulse length 5.5 ns Inverse 1 sigma, Gaussian
Beam radius 15 um Inverse 1 sigma, Gaussian
Li ht d 3 00E+08 /Light speed 3.00E+08 m/s
Pi 3.14159
Bunch volume (Gaussian eff) 5.85E-09 m3 
Bunch volume (z integrated) 1.56E-04 m2 Gaussian beam

Photon density (z integrated) 3 49E+21 photons/m2Photon density (z integrated) 3.49E 21 photons/m2
Scattered photons

Electron bunch population 1.00E+10 Electrons Linear
Scattered photons(ave.) 2272
Scattered photons(max.) 4545

lambda 1.064
w0 3 2
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w0 3.2
f 458.2
w 48.49502959



Flat Halo StudyFlat Halo StudyFlat Halo Study Flat Halo Study 

H l ill b h HALO ?H l ill b h HALO ?How large will be the HALO ?How large will be the HALO ?
––Gaussian HALO not realistic because Gaussian HALO not realistic because 

drop too rapidly drop too rapidly 
–– Ideally a HALO would have a 1/xIdeally a HALO would have a 1/x3 3 --1/x1/x5 5 

tailstails
––Simulate how a flat tail would generate Simulate how a flat tail would generate 

background background 
5050σσ to 200to 200σσ Beam HALO @ the entrance of Beam HALO @ the entrance of 

the FFthe FF use 100% backgrounduse 100% backgroundthe FF the FF use 100% background use 100% background 
Use BDSIM to simulate the beam Use BDSIM to simulate the beam 
transportation on the FF line parttransportation on the FF line part
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transportation on the FF line part transportation on the FF line part 



Beam Losses and Secondary Beam Losses and Secondary 
generationgeneration

Losses versus zLosses versus z
––5050σσ Flat HALO Flat HALO 

(4mm)(4mm)
––200200σσ Flat HALO Flat HALO 

(16mm)(16mm)
@200@200σσ, losses are , losses are 
more important more important o e po ta to e po ta t
specially @smallspecially @small--z z 
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Background photons energyBackground photons energy
5k e- Generated
– Bunch population : 2x1010Bunch population :  2x10

Beam Core Electrons and 
about 0.1-1 %  e- in the 
HALO (2x107 to 2x108 e-)

Background Photons inside 1m
B k d Ph t i id 10

HALO (2x10 to 2x10 e )

Background Photons inside 10cm

Inside a cylinder around the IP:Inside a cylinder around the IP:
–– Less than 4.0 10Less than 4.0 106 6 photons inside 1mphotons inside 1m
–– Less than 4.0 10Less than 4.0 105 5 photons inside 10 photons inside 10 

cmcm

More events at largeMore events at large--d from zd from z--
axis for 200axis for 200σσ Halo beam than 50 Halo beam than 50 
σσ Halo beam Halo beam 
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ConclusionConclusion Next stepsNext stepsConclusionConclusion--Next stepsNext steps
B k d ti ti @ IPB k d ti ti @ IP N b fN b fBackground estimation @ IP Background estimation @ IP Number of Number of 
photons not “too large”photons not “too large”
T “ li ti ” HALO di t ib ti iT “ li ti ” HALO di t ib ti iTry more “realistic” HALO distribution in Try more “realistic” HALO distribution in 
order to better estimate the number of order to better estimate the number of 
background photons around the IPbackground photons around the IPbackground photons around the IP background photons around the IP 
(measurements in Nov. 2007 ?)(measurements in Nov. 2007 ?)
Use collimators to eliminate backgroundUse collimators to eliminate backgroundUse collimators to eliminate background Use collimators to eliminate background 
photonsphotons
Study backscattered photon from theStudy backscattered photon from theStudy backscattered photon from the Study backscattered photon from the 
DUMPDUMP
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Compare input size to the one at Compare input size to the one at 
QF1QF1

Largest Beam size 
Is obtained @ QF1
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Compare 9Compare 9σσ to (3to (3σσ+Linear) HALO+Linear) HALOCompare 9Compare 9σσ to (3to (3σσ Linear) HALOLinear) HALO
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~11.9% events outside 10σ ~1.4% events outside 10σ



Reconstructed particles energyReconstructed particles energyp gyp gy
9σ Halo

e+e- γ

beam pipe radius 4 cm• beam pipe radius = 4 cm
• beam pipe thickness = 1.6 mm
• 10000 generated electrons 
• Energy = 1 3 GeV (dE = 0 1%)• Energy = 1.3 GeV (dE = 0.1%)
• Generated using BDSIM

using a Placet generated 
Guineapig type distribution fileGuineapig type distribution file  

Beam Halo : 9σ (40 % events )
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Energy Loss for a 9Energy Loss for a 9σσ HALOHALOEnergy Loss for a 9Energy Loss for a 9σσ HALOHALO

Small loss @ the beginning 
of the FFof the FF

Places where most of particles 
energy has been lost 

( t diff t ti l l t )
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(at different optical elements )



Background population (FF)Background population (FF)Background population (FF)Background population (FF)
101044 ee-- generated with 9generated with 9σσ HALO (E>1MeV)HALO (E>1MeV)
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Background population (FF)Background population (FF)
101044 ee-- generated with 9generated with 9σσ HALO (E>1MeV)HALO (E>1MeV)
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Background photons energyBackground photons energyBackground photons energyBackground photons energy
9σ Halo • 70k e- Generated

•Bunch population :  2.010 Beam 
Core Electrons 

Background Photons inside 1m
Background Photons inside 10cm
Background Photons inside 1cmBackground Photons inside 1cm

Inside 1m around the IP: Inside 1m around the IP: 
–– 10105 5 to 10to 106  6  photons (0.1photons (0.1--1% HALO)1% HALO)p (p ( ))

Inside 10cm around the IP : 10 times lessInside 10cm around the IP : 10 times less
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