Laserwire at the ATF

Yosuke Honda

3rd Jul. /06
Oxford

o Quick introduction of optical cavity
o List of milestones we have achieved
e NO new things



principle

e beam size measurement

Laser injection ‘

scan by the mover stage of whole laser system
* Y J Y =B Optical Cavity

e Scattered photon counting = e
e requirements : i /\

e thin laser width(bum) e ~ =" yocan

o high effective power(100W) - 0 v electro'n\b(%
e OUr solution Laser injection

e external optical cavity with a small waist
e pPoOwer enhancement
o Wwell defined laser profile
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laser system
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layout and e-beam condition

vertical-wire

chamber
L (/ e el / horizontal-wire
....__;_ELR . chamber
e electron beam to be measured beam | e f -
o typically, bum(vertical), 100 um(horizontal) bellows ._.'.: - b/ (
« single or multi-bunch(2.8nsec separation) \ P
e Storaged beam in an equilibrium state /
bellows

2nd collimator 1st collimator laser system 1600 :
s¢ movable(HV) 5y 104 movable(H) < 1400 3 single bunch 2.8 mA
-_,-f' f- = - E B tha%;= ?53 + 012 !..lm -
[ R T i : 3 .=
f ' Jm s "
(Csl+PMT) 4.4m ’Z v-wire h-wire

Laserwire region - —

ATF Damping Ring

C | L
. -650 -600 -550
position [um]

S band Linac




e transmission power tells the status

power enhancement

resonance condition (L=nA/2)

enhancement factor is proportional to
e Sharpness of the peak (finesse)
e transmission of the coupler mirror
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diffraction Iimited beam
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laser beam stored In a Cavity t

stab

e boundary condition by the mirrors
e L, o define beam waist (and A)

e IT L>2 0, no solution (unstable resonator)
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transverse modes
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optics tuning

sweep the cavity length using PZT

observe excitation modes through cavity transmission

laser source

i
Il'll
[1i]

high

pedagtal |

intensity |ow

high

S R R

intensity jow
k)

cavity length

1

- 2nd

=
T M dt

..1..
i

(a) betore matching
cavity length

B FA St e

oho oot

(b) after matching



beam waist {wgo) [ m]

Three methods
e divergence of cavity transmission
e pPphase difference in transverse modes

measurment of laser waist

e Waist scan with electron beam

result
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Compton signal detection

=35
48]
o Max. energy 29MeV =30 /
@
e detector S5 aperturc,/
S
e Csl(pure): 70mmx70mmx300mm 320
o leading edge: 0.56nsec 215 | o
. = g £ T o o
e counting 10 EE E = E
5 . o o = s o
e background = | | | | |
o spent electron via intra-beam scattering s 510 15 20 2 %
reduce detector aperture soatiered gamma eneray [MeEV]
°
\\ pure Csl scintillator #t\;}piss light guide HEEE?D'D = ir'IF'UT _i"l
lead shield 5 : - w 1f 1
Ly, )1 Nef==2 . E 2000 L Lo
5 i1 - £ 2000 | ]
‘Y, mm_fable PMT E i
\' collimator E 1560 | [
E i
- detector response !
1 -
Znd collimator 1st colimator laser system 000 I i
5 -|m:~able[H.'l."] -ﬂ"l':"l’ movab ke(H) :
= | :
detector - - ls i I
e 127 m // \ M
(Csl+PMT) - 4 m : v-wire h-wire 0 0 10 20 30

Energy [Me\]



optical cavity control

e Simultaneour b.g. measurement cavity transmission
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procedure

e Storage beam in DR

measurement example

e 10um step, 10sec/position

o re-fill DR
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multi-bunch example

e 20 bunch, 2.8 nsec spacing

e detect timing of each event

vertical emittance [pm rad]
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emittance damping

e Measure beam size at
different timing after g
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HOM

e Smaller structure in higher transverse modes
e Selective excitation of TEMO1 mode

e degeneration with TEM10

e excitation efficiency
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split TEMOT and TEM10

— mirror
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efficient excitation of TEMO1
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look with a micro scope




example of beam measurement

fitting
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mode-lock laser case

e Inside the cavity of mode lock laser
e« many longitudinaklmodes
e pPhase relation of the modes makes a short laser pulse
e external cavity
e also has many longitudinal modes
e all laser modes are accepted if laser cavity lenghth = external cavity length

laser output
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— e s e o RN OO
external cavity rasonance

FSR=round-trip time frequency



e Need to control at the same time

time domain
round-trip time
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I st model for pulsed laserwire

cavity length=21cm (714MHz), two folded 357MHz cavity
1064nm, passive mode-lock(SESAM)

Beam
repetition 357 MHz (2.8 ns)
bunch length 25 ps (rms)
Laser
pulse repetition 357 MHz
pulse length 7.3 ps (FWHM)
power 500 mW
wave length 1064 nm
Cavity
mirror reflectance 99.7 %
7 T e ot mirror curvature 250 mm
nuection \E=] i cavity length 21 cm
fj’ — @ TS tranemissn roun_d-trlp time 714 MHz
- _%_ Cm\x B i3 laser finesse 497
T, T power enhancement 166
¢ wO 250 micron

To Vacuum monitor Beam line



cavity setup

Cavity reflection
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timing system
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count rate

beam measurement
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