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Introduction

e Laserwire monitor at ATF
vertical emittance measurement in Damping ring
direct scanning

wire scanner

non-invasive method | aserwire Y.
dispersion negligible
multi-bunch measurement Damging ring

e typical beamsize ...
100 p m (horizontal) . e :
10 y m (vertical) "ﬁﬂ"' s S_pand LINAC S

120,

—

—i—

SR interferometer

* requirement for laserwire
thinness (~5u m)
Intensity (~ 100 W)
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Introduction

« CW Laserwire with optical cavity
Optical cavity
power amplification
laser beam size control

CW < pulsed laserwire
easy to make acollision

laser beam size is stable/measurable

no change is needed for multi-bunch measurement
cavity resonance control

mirror quality
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L aserwire experimental setup

12.8m
2nd collimator 1st collimator laser system
5¢ movable(H,V) 5};11()(1) movable(H)
-2 4 -

HEY Y ) g
detector
(Csl + PMT) - 4.3m .

Laserwire region

ATF Damping Ring

S band Linac

e |aserwire
e (detector
» datataking system
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Optics

whole optical systemis
mounted on a movable table

! cameralprofile)

SCTEEN PDiintensity)
QWP PBS HWP  HWP

S T =

OpticalDiode | § &
I 1 —
PDireflection) = S \ Laser (NPRO)
o a5er
300mW (CW)
532nm

e
laser beam aliénmn:nt T f,

lenses (mode match)
vacuum chamber

PLNtransmission)

LA

Ciptical Cavity
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| aser

high POV\_/er _ _ cavity resonant
stability in frequency (linewidth)  \width 10MHz

o LightWave Series 142
— diode-pumped solid state |aser
— Nd:YAG (frequency doubled)
— Non-Planar Ring Oscillator

wavelength 532 nm
CW power 300 m\W
gpatial mode TEMOO

longitudinal mode | single frequency
linewidth <10 kHz (1msec)

nanobeam2002 / laserwire mini workshop




optical cavity (Fabry Perot)

e Mmirror specification

phase front—
Mirror

e cavity specification

configuration

nearly concentric

finesse 480+ 20
power gain 470+ 30
walist size 6.0+ 0.1y m(RMYS)

Rayleigh range | 850U m
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reflectance | 98.8% (front) e
99.85% (end) YN
curvature | 20.00 £ 0.02 mm XL



|laser beam walst Size measurement
e beam divergence angle

0, = A
T,

cavity

ergence angle

®, =12.01+0.13um

Spol spee

(div. method)
 transverse mode phase
difference . ke
AQ _ arccos(g) 2 AL 1+g ;_ . § .TE!-.'U:Z'-*[_ - fﬂ_ﬂ[lilﬂr. H
= W, = z :
(fo ) " 2m | 1- 9 : | TEMOO |
®, =12.20+0.17um : |

(Mode method) . e o+ o s
Wy =12.08+0.21 um (combined)
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cavity resonance and control

e power inside cavity |
resonant width

reflection ks watr-varrllfﬁIn::rll':lz:I o — 05nm
| o | — Servo system
g A control cavity length

cavity length P ZT

stored power
raflaction fransmission H esonance
may | R |
injection ot

cavity length i
stored power AN
relleﬂ transmission e Y
ok mirror
Off resgnance
cavity length
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cavity control

feedback point
e <0.1 nm control eedback poin

» feedback control is burammrogy l
necessary y\k
e transmission intensity

= reference voltage Gavity lengl

reference

voltage + error

signal Piezo
| -
. >—J— ntegrator . ] |
Cavity Servo
(PZT)

function

generator . Transmissiony,
Photo diode [+ |ight intensity) =
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laser power modulation

 packground subtraction
Laser-ON / Laser-OFF measurement

modulate intra-cavity power (feedback point)

L aser-ON:
30% (time)

85% of power (average)

L aser-OFF:
30% (time)

7.5% of power (average)

113 Hz sinusoidal modulation laser on

Laser power

TR .
/’T\\ T ] H'ii:.avity transmission,

—2- T judgement of
B 2o | laser ON/GFF
B By S

= Sl 1 i L

i
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Compton scattering and detector
e Compton scattering :

1.28 GeV electrons | :\: /
A =532nm photon | e [ ]]]
90 degreecrossing N

28.6 MeV (max gamma energy)

23.0 MeV ( 0.2 mrad scattering angle)

e signal rate | |
~ 10 kHz (signal + background) << ring revolution (2MHz)

no event pile-up

» Cdl (pure) crystal R -

/0mm x 70 mm x 300 mm
2" photomultiplier

0 PMT
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Compton scattering signal

signal/background =4/1
energy window (15MeV — 25MeV)
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detector time resolution

e time resolution

ﬂau

PMT signal leading edge “;H
0.56 nsec resolution o
(sgnal energy region) | ..

]

— 2850 [ - i

CC

]

laan

timing (td

2750

270 -

Ly R AL LLLS) RERES B Lt L

1650 = .':.l.--zq o

E s — 2600 . . -
Yeo0 2700 2800 2000 g 500 1000 1500
enargy (adc ch)

o TOCweADE

e bunchID

multi-bunch
( 2.8 nsec spacing )

100 |
80 I |last bunch

first bunch

' /
. L A —

ﬂﬁﬂﬂ T80 1000 1250 1500 1750 2000 2250 2500 2750 3000
timing ditference of gamma ray hit and revolution timing signal (TDC ch)
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signal processing I'
B F gt bunch
. . . i frat tuich
bunch ID by hit timing | /
(bunch marker) w12 I
I m ON /OFF COunt rate II!.||1|,|nnlnrnr,:lrﬂl.;n.nur.l.Im.l|I|||.|'.||nm'.u-:-uI"mm|\J|wl,f|:l:c|||
T
—¢ jputput for each bunch
tlmll‘lg I"EfEI‘EI‘IC-El start E
gamma timing | stp E
‘U = 25 3
Enargy window .n=: ; E - :":;
x24 | = x4 | =
PD @ >
1355[‘ (t ransm i55 | 0 n) E | aserOFF inhibit [ inhibit
intensity | 8 LaserON
(power modulated) 5

Laser OFF

time
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data taking and analysis

e example

—.2000

ZImA

L 1800

-}
[ %]
Ln
=

1000
730
500
250

signal countrate

E1750 E

E gauss fit

c=105pum

11 IIIIIIIIII

1. 1.825 1.85 1875 148
laserwire position (mm)

15 sec. for 1 position
10 min. for 1 profile
data reproducibility ( beam drift 1~2 g m)

Gpeak=1n.5ﬂ:ﬂ.‘| um (%2=50)

(statistical error only)
i

GCpeak =10.5+£0.2 um
(stat. + systematic)

Olicer =6.04+0.11 um

2 2
Gbeam =J ﬁpeak_ ﬁlaier
Opeam= 8.62 + 0.25 um

lﬂ =58+03 m
E'H',:'|.21'.'3:|:|l:1'.'|{]I %10~ 'm rad
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multibunch data

e beamsize of
each bunch

count rate at each
scaler channdl

o 24 profilesfor
1 scanning

S0

i
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example

 measurement of each bunch in multibunch beam
10.1 mA total

., head = tail
T
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summary and discussion
« CW Laserwirewith optical cavity

» performance of laserwire
— effective laser power 100W
—|laser size 6.0y m

e datataking

— 10 min. for 1 profile

e multi-bunch measurement
— measure beamsize of each bunch

 datareproducibility
— beam orbit monitoring and/or faster scan speed
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