YAG screen test in ATF2
extraction line for halo measurement
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Feature of YAG:Ce screen monitor	

Scintillation Time
100ns	

IEEE TRANS. ON NUCL. SCI., !
VOL. 56, NO. 6, DECEMBER 2009 !

YAG:Ce scintillator has the following features:"
"
1. high sensitivity(brightness) compared to
OTR(100~1000 times brighter than OTR)
(XX Linac Conf. MOC06) "
2. higher resolution compared to phosphor
screen(~10um)"
3. OTR and SR from the upstream can be
avoided by adjusting the shutter timing "

50um thickness "
YAG:Ce scintillator	

YAG:Ce screen monitor location	
MS1X!
Screen monitor	

The YAG:Ce screen monitor is installed at the
previous location of the phosphor screen monitor
called MS1X. "
Purpose:"
1)To measure the beam tilt at the exit of the DR"
2)To measure the momentum spread
3)To measure the vertical beam size"

Picture of YAG:Ce screen monitor !

Beam size estimation at MS1X	
Beam size calculation from design parameters and measured
emittance,"
Betax = 2.2148 m"
Betay = 8.5675 m "
Etax = 0.4868 m "
Emittancex(Ex) = 1.3 nm(measured in DR) "
Emittancey(Ey) =14pm (measured in DR) "
dp/p=0.0006"

"
"
"
Beam size at MS1X monitor:"

Example of energy spread meas.
by phosphor screen!

Sigmay =Ey x Betay= (14x10-12 x 8.5675)1/2=11um
Sigmax =((Ex x Betax) 1/2) 2 + (Etax x dp/p)2)1/2"
=((1.3x10-9 x 2.2148)1/2)2 + ( 0.4868 x 0.6x10-3)2)1/2 "
"
"=(53.6um2+292um2)1/2=297um	

Screen monitor Hardware 	
CCD: IMPREX IGV-B0610M"
"pixel size: 7.4µm x 7.4µm "
"pixel number: 684 x 488"
"elect. shutter: 2µm min."
Lens: "mag. ratio : up to 3x"
"resolution : 6µm"
A 90 degree reflect mirror is used to
avoid the radiation damage."
The CCD sits on the movers, which
can adjust the horizontal and
vertical positions and the focus. "
"
A precise trigger can adjust the
timing of the exposure. "

YAG:Ce scintillator on the holder	
50µm thickness and10mm diameter"

Exposure timing 	
The CCD observes not only the scintillation
light, but also the SR from up stream and the
OTR (or CSR, COTR)."
The OTR and the SR light can be avoided by
adjusting the external trigger timing of the CCD."
By adjusting the exposure timing, the intensity of
the scintillation light can be controlled. 	

The shutter timing characteristics(electric
shutter width 2µs)"

Observation of the profile "
(Lower magnification ratio)	

Ver 1.8ch x 11.5um/ch=20.7um
Hor 41ch x 8.1um/ch=332.1um

Measurement with a optical filter	
The saturated profile is measured even at the
condition of 0.1nC of the electron beam. An optical
filter(500nm/10nm band width) was installed to avoid
the saturation. 	

Without BPF!
Trigger delay : 44.7us !!

With BPF!
Trigger delay : 44.7us !	

Observation of the profile "
(3x magnification ratio, 100µm YAG:Ce)	
Fig1. Vertical profile
and fitted by gauss
function(full area)
sigma-y=13.9µm	

Upper picture shows the beam profile
when the vertical beam size is shrunk to
the vertical direction.!
!
Fig1 and Fig2 show the projection and
the fitted gauss function for the vertical
direction. Fig1 shows the fit of full area
and Fig2 shows the fit of peak area.!
The projection shows clear discrepancy
from the gauss function, which has large
tail.!

Fig2. Vertical profile
and fitted by gauss
function(peak area)
sigma-y=8.4µm	

Observation of the profile "
(x3 magnification ratio, 50µm YAG:Ce)	
Fig1. Vertical profile
and fitted by gauss
function(full area)
sigma-y=8.6µm	

Upper picture shows the beam profile
when the vertical beam size is shrunk to
the vertical direction.!
!
Fig1 and Fig2 show the projection and
the fitted gauss function for the vertical
direction. Fig1 shows the fit of full area
and Fig2 shows the fit of peak area.!
The resolution of the lens system is 6µm,
which is comparable of the estimated
beam size in Fig2. !

Fig2. Vertical profile
and fitted by gauss
function(peak area)
sigma-y=6.3µm	

Focus scan"
(3x magnification ratio, 50um YAG:Ce)	
To estimate the vertical emittance, we
tried to Q-scan."
Unfortunately, there is only one
quadruple magnet at just the upstream
of the screen monitor."
The vertical beam size could not reach
the minimum point even at the
maximum current of the quadruple
magnet. "

Blurring effect	

A. MUROKH et. al.,!
Proceedings of the 2nd ICFA
Advanced Accelerator Workshop.
Held 9-12 November 1999 in Los
Angeles	

The measured profile includes the blurring effect in
the YAG:Ce screen, which depends on the thickness
of the screen. "
It is asuumed that the difference of the measured
beam sizes between 100µm and 50µm thickness of
the YAG:Ce screen contributes the blurring effect. "
We have to take into account the blurring effect for
small beam size measurement. "

How small intensity can be measured "
using YAG:Ce screen ?(1/2)	
When the center area is masked by a wire or
some other material, only the beam halo can
be measured. "
How small intensity can be measured using the
YAG:Ce screen ?"
"
We already measured the profile 0.1nC(10^9
electrons) with a band pass filter(500nm/10nm
band width), which reduces the light intensty to
< 1%. It means the YAG:Ce screen can
measure 10^7 electrons."
"
Beam
halo	

mask	

How small intensity can be measured"
using YAG:Ce screen ?(2/2)	
Measurement of 50µm thickness YAG:Ce :"
"
Upper picture shows 0.03x10^9 beam profile
measured with a BPF. "
"
Lower picture shows <0.0001x10^9(?) beam
profile measured with a 50% ND filter."
The current monitor does not respond to such a
small intensity. The beam intensity is speculated
by the ratio of the laser intensity(0.1% x 1%).
The laser intensity of the normal operation
(0.5x10^9) is 25% x 100%."
"
The light intensity is according to the thickness of
the YAG:Ce screen. When 0.5mm thickness
YAG:Ce is used, the light intensity is ten times
higher. In this condition, the dynamic range of
the YAG:Ce screen is 10^9~10^5."
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AA  YYAAGG::CCee  ssccrreeeenn  mmoonniittoorr  aatt  AATTFF22  eexxttrraaccttiioonn  lliinnee  iiss  
bbeeiinngg  ddeevveellooppeedd  ffoorr  mmeeaassuurriinngg  bbeeaamm  pprrooppeerrttyy..    
TThhee  vveerrttiiccaall  bbeeaamm  ssiizzee  66µmm  iiss  mmeeaassuurreedd  uussiinngg  tthhiiss  
mmoonniittoorr..  
TThhee  bblluurrrriinngg  eeffffeecctt  iiss  pprroobblleemm  ffoorr  aaccccuurraattee  
mmeeaassuurreemmeenntt..  
FFoorr  tthhee  hhaalloo  mmeeaassuurreemmeenntt,,  wwhheenn  aa  mmaasskk  iiss  iinnsseerrtteedd  
ttoo  tthhee  ccoorree  ppaarrtt,,1100^^55  bbeeaamm  iinntteennssiittyy  ccaann  bbee  
mmeeaassuurreedd..  

Back up	

Q-scan

Fig1. Vertical profile and fitted
by gauss function(full area)
sigma-y=13.9µm	

Fig1 fitting	

Fig2 fitting

The beam size change showed
different slope by the fitting
area.

Fig2. Vertical profile and fitted
by gauss function(peak area)
sigma-y=8.4µm	

