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Role of IPBSM (Shintake Monitor) . n,Nf.,, 1y | For high luminosity

= 7 must focus
at ATF2 47170'x‘5 vertical beam size at IP !!
ATF2: Linear Collider FFS test facility@KEK flat beam : oy << ox

a ATF: 1.28 GeV LINAC, DR
- = =2 high quality e- beam with extremely small

ATF2 Goall:
focus o * to design size 37 nm
=>»verify Local Chromaticity Correction

| . / ATF2 Goal 2:
IPBSM is crucial for O(nm) beam trajectory stabilization

achieving ATF2 ‘s Goal 1 !!

l OUTLINE l

[ measurement scheme, performance, beam tuning roles J

Beam Time results

Summary & Goals BIC2012, JYan




Measurement Scheme

use laser interference fringes as target for e- beam
Only device able to measure o, < 100 nm !!

*Crucial for beam tuning
= realization of future linear colliders

Split into upper/lower paths

- phase scan by piezo stage Laser .
Optical Delay Line iy, o Compton scattered
: photons detected
downstream

Scattered Photon
\ Gamma Detector

Bending Magngt/\/\/\/ﬁ[\

Laser Interference Fringe e- beam
Collision of p safely dumped
e- beam y
with X upper, lower laser paths cross at IP
laser fringe \I/v 4 -> form Interference fringes
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Detector measures

signal Modulation Depth “M”

measurable range :
determined by fringe pitch *

_ T A
M=u =‘cos(6’)exp(— 2(kyay)2} = = x
N,+N_ k, 2sin(8/2)
= 0, =i\/21n(M) depend on
2r M crossing angle 0 (and A)
Signal
Laser Interfere Frnge g‘_ Focused Beam : |arge M
N +
scattered Photon  =ps-=====#r=rc=g-cmecmmen=z -
Electron Beam . >
|
I N - . -
* [rad
I Phase Scan Fringe Phase
N: no. of Compton photons _ET _I e
Convolution between e- beam profile and fringe intensity g:lﬂ

IBIC2012,

Dilluted Beam : small M

-
Fringe Phase [rad]
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Expected Performance

Crossing 174° 30° 8° 2°
angle ©

Fringe pitch 266 1.03pm 3.81pm 15.2 um 372 (stat)) ) (syst.) nm
P A nm

k, 2sin(6/2)

Lower limit 20nm 80 nm 350nm 1.2 um

Upper limit 110 400nm 14pm 6um
nm

Measures
oy*= 20 nm ~few pm
with < 10% resolution

o [l
1 M

must select appropriate mode
oy*and M for each ® mode  ;ccording to beam focusing

o
£ 1 2deg. mode iy
S r 4deg. mode &
o - 8deg. mode 5
g 0.8 -.;—30deg. mode 5
= i —174deg. mode El
S B 2
3 0.6
o -
= T
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Transport line

[Verticaltable ] Interferometer

Laser Optics ~20m
: * Phase control
[ Laser table } Mirror Actuator 1 _
\ —> piezo stage
Laser &
£
v
« Source el « construct path for
(SHG) each 0 mode
: : : (auto-stage +
* diagnostic devices _ ; mirror actuators )
Wavelength 532 nm (SHG) . o
Nd :YAG g cecionceor RN
. 4 o i N <>
Q-Switch laser Filsc Encrey g ’ . - ®
Peak power 164 MW P
: ] e
PRO350 Pulse Width | 8 ns FWHM) et < Voo
e g e
Spectra Physics frep 625 Hz b | AL
Line Width | <0.003 cm~! 11| Foeg, |7 S o
Timing Stability | <05 ns : - i
Energy Stability + 3% ) L, N Qonﬁrfuous H . | N H2
) . v € > j Toes
__ Special prism stages -
= N, . |
1 él o~
N ‘- e
XandY . R ' I J
actuators IBICZ_‘OIZJ&AIJ\)(:?}Q& Yan, Univ_of Tokyor 11202011




Role of IPBSM in Beam Tuning

@ path construction: access to IP, confirm precision with “ eyes & hands”
switch e- beam ON - remote control

@ Preliminary position alignment

@Timing

alignment Overlap laser
and e- beam spots -
Timing scan of on screen monitor
laser Q-SW and
e- beam (within ~20 um)
- matched with
precise TD2

extremely precise position alignment

Iwscan_meas101217_1630.dm e 819048/ 26
| Conatast 1187309 : 0 56660
504342 : 0.00017

n‘ Sow  asee: dsne i i .
@transverse :deie'g} Compton peak |oms emw.cme @ Longitudinal:

Z scan £ace with P OSM 101 T

laser wire
scan

3
3
A0+
3

S T B T B T T Y Y T m

poslian jmm|
@ After all preparations .......... jj SV AUSETETTEE. .
continuously measure o,* using interference mode ——
-> Feed back to beam tuning 7
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Dec 2010 7

post-earthquake recovery | . Large Jivers

and upgrade in 2011 Lo °

o Hardware
* overall stabilization of laser optics % . upgrade
* suppress signal jitters >
LI R R [(interfere_meas111216_158826.dat ][~
Beam Time (autumn~) 5’: T T st e
oy* focused down to ~ 1 pm . g 2
(beam tuning issues) much smaller jitters R T .
IPBSM resolution improved CIear contrast ° 8
(2 -8 deg mode )

0 2 4 6 8 15 1.2 phll:‘[rld] )
overcome signal jitter sources fast M detection = scan under stable conditions
(example) extra bremsstrahlung at post-IP dipole
Beam size jitter High BG - = — = gamma detector

high response , effective
status monitors intermediate
& scan software collimator

bending magnet
introduced to ATF2 installed

Bremsstrahlung

= monitor instability factors

on beam/laser profile - & beam



l Beam time status in 2012 '

full commissioning

of 30° mode
>~ First Modulation detection
(10xB,* 10x B

o
,* opti

45000

35000

30000

25000

20000

15000

Signal Energ)/ / ICT intensity [ arb. unit]

10000

stably measure oy* ~ 160 nm
(10 x B,*, 3 x B,* optics)

2 - 8 ° mode
Measured larger oy (~few 100 nm )

with clear contrast
(i.e. high M :0.8-0.9)

=>» Syst error study
v' upper limit on M_meas
v'  consistency of oy_meas

2012.2.23 data, 30 degree mode, 10points/phase

} ¢

M = 0.52 * 0.02 (stat)
oy =166.2 * 6.7 (stat) [nm]

5 10 15
Phase [rad]

20
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Began commissioning of 174 ° mode

» hardware check
» Optimization of scan strategies

Obstacles (2012 Feb)
*Beam condition drift (over many hours)
*Not very focused oy* (still at 3 x 3, * optics)

one more step before full commissioning of

J1Y7aﬂ °mode i.e. consistent fringe scans .




degraded fringe contrast due to bias
Modulation Reduction Factor -

Meas = C10C5........ Migeal = (HC) ideal coast co
DR R
ide -+ l C,' | l
i 2k§ Z . < T Miarge T under—e'caluated
i |

Laser profile imbalance compare Compton signal
7 of upper / lower path laser wire scans
major . . . . . .
bias 5] Fringe tilt limited by alignment precision
factorr)l Phase jitter (relative position) Cohase > 95%

Laser path alignment Ct,pos : ~ 100%, Cz,pos:>99.5% M reduction
“worst limit”

polarization >98% adjusted to nearly pure S state

From actual data:

upper limit on M ( = “fringe contrast”)  Ctotal = 0'|§|c_20(1)2',9J.Yan 10



Upper path «©

Dominant Systematic Errors (2012 continuous run) feniry Gt [T e [Fom J am
SpudType [eis ) e b st on |

Improve through 2012 sum@ :;.;pper 3 L _==
: ‘;l‘.

pry

- 3 o*
- ”.lo;oqﬁ “ i .
Profile Imbalance K il
2 times difference in - g lﬁl"!"%l "
\/ peak power |aser_wire _ M BAIR MRS IR4 R4 WAL WAAIS 10 IR
v IP spot size 0\, Compton signals (N,, = 20) l Ii.guu:i'!!?:?;:lillllll!lli;“!m"i
. . . - ‘ ’..m*;w PUBUIVR RSN
@ partially: optical components related loss M__m__ O

(transmission, reflection, delay line

Spuitype [ 1
total P,=0.88) R N LAY
1+P
€ lens misalignment
-> Difference in focal point position P=P, /P, bt BRI
o i, -
s piroce e - [Fringe i E
e e — fringe not formed |- Sttt
e E— e — perpendicular
S —— e to e- beam axis
S — e ——
E—— —— = improve alignment precision
e oeen on final focus lens before IP
|_ hortzontal l_ longirudinal observable limit: A=3 -5 mm
<> tilt dt,z : 5-20 mrad
transverse longitudinal 11
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Laser Interference Fringe

Syst. Errors specific to very small o,* (174 deg mode) Sy,
T
Spherical wavefronts ElodronBoan s T
' ' —
Offset of ultra-focused — distorted fringes —
e- beam vs laser waist Csphere >99.7 % —
[ S—
e —

vertcal
‘—~ longirudinal

Change of oy™ within fringes

Solution is focal point scan

attach mover to lens

> align focal point to IP fringe pattern
- within <100 pm o due to strong focusing,
(~0.1*Raylegh length Zg) m— o
p — Cgrowth ~ 99.7%
[@I :g:)/ n 1.174 21002382 #
'E.oos— p1 0.01065 + 0.002774
= H p2 5.621+ 0.04541
g,mi_ 1[ ex) June, 2012 i Tiny oy™ is very sensitive to
AL relative position jitter ! !
8§.003— i i .
% : Observe change if IP waist size w,p IPBPM (O(nm) design resolution)
.002— . . .
5 wp ~ 10 pm under commissioning =
0.0011— ; €& ZR ~ 2.2 mm L
- o MZ ~12 »beam pos. monitoring [ el W =8
2 T A I >feedback correction | P

focal lens position [mm]

7z [BfC2012 J.Yan




. Suppress signal jitters Mirror box
oge . M b
Stabilization of laser system Irrorox (downstream

(upstreamﬁ
transport line / Transport line é

=» insulation,
B anti-vibration

% regular monitor / analyze
temperature sensors

Insulated mirror box

DAQ room

long term path stabilization

Laser clean booth

% Beamlok (piezo feedback)
added to laser cavity

Improved pointing stability
< x50 yrad - < £25 prad

improve oscillation, profile

cooling water Ql/unit

* Tuning / exchange of cleaner environment...

cavity mirrors, seeder, flash-lamp

i\( protectve booth
@ |IP vertical table

_ * Maintain dust-free
e S T e component surfaces

> 13
rim
p s w2
T \ / A /
= | B TR = IBIC2012, J.Yan




2012 summer: major upgrade of laser optics
Goal: alignment precision & reproducibility

» suppress syst. errors

) ) BEAM TIME GOAL:
» effective small oy* tuning

€ Full commissioning of 174° mode

» better conditions to accomplish m - stably measure oy* <100 nm
goals in autumn beam run - focusdownto oy* ~ 37 nm
improvements details
easier alignment * focal point scan for all modes
match focal point to IP * redefine clear reference lines on new base plates

Injection position / angle into lens
* new 0O switching method

consistency, reproducibility {small linear stage + mirror actuators }
esp. before / after independent for each mode
mode switching (instead of shared rotating stages)

* re-commission PSD system = monitor jitters / drifts

profile imbalance

focal point difference * suppress path length difference in new design
between upper/lower paths



L4
Small linear stage
+ mirror actuator =

A —"

de IP

mber

>laser waist
&

ossing point

el %
check positioning
of lens, mirror, prism

//
IBIC2012



Schedule:

assembling of new setup completed
¢ Now (Sep, 2012): Beam off tests prepare for autumn run (10/15~)

Hardware (re)commissioning PSDs, phase monitor, profile monitors, DAQ modules, ect....

Tests of PSDs
(+ preamps, readout circuit)

CCD camera
as

Vertical Table profile monitor

IBIC2012, J.Yan
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SUMMARY

IPBSM (“Shintake Monitor”) installed at ATF2 IP

e use laser interference fringes
—> only device capable of measuring oy* < 100 nm
* Crucial for beam tuning = realization of future linear colliders

< Status >
% Stable measurements of oy* ~ 160 nm (30° mode)

/

% dedicated systematic error study (2 — 8 °mode)

<upgrades>
e suppress jitters & bias factors

* stabilize laser system
e reliability & reproducibility in laser optics alighment

< Goals for 2012 autumn beam run>
€ full commissioning of 174 ° mode
€ stable measurement of oy* <100 nm
=» achieve focusing down to oy* ~ 37 nm
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Transport Line

e

to Beam Dump

IBIC2012, J.Yan

Elertron Beam

Final Doublet

Bending Magnet
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Profile Monitor Half Wave Plate

Dump

M

!

1064 nm wavelength

SHG

=D

Height Adjuster <O:

532 nm wavelength

‘E\
]

%

1

I‘l‘l Test Line

&

|
PIN-Photodiode

Photodiode

Attenuator Expander

IBIC2012, J.Yan
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Last Bend Slde VIeW
Pb Collimator
Background 1398
source point ~ 4440
\ ~ 3500
. Y detector
- erwdt of IPBSM
olimator
200 long SUS (Cs 1)
--‘_-----“-ﬂ,_\“‘ _____
56 26 15 40 56 -_j::>-<:12:: 20
] |
Background
| source point
!
3500 / 4440 x (13+10) - 10 = 8.1 mm
so, aperture of 2nd collimator < 2x 8.1 =16.2mm

IBIC2012, J.Yan 21



Laser Ray

Electro_n Beam

travel: d T

wavenumber: k

IBIC2012, J.Yan

phase change: 2kd
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New 174 mode

M8U-x/ly

PSD
check the
injection orbit

Maou-ﬂ@

M1U

M3U é ;

Delay » [>
giow M2L| N\MIL—T
Half-mirror =

M174U-xly

njeciion cebit

ofile Monitor

M3L

o0

B

Reducer




Upper mirror
Rotator

€34 &

Fringe Phase ¥
Control

Lower mirror
Rotator

A
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Table 3: Upper limits of each M reduction factor predicted for

measuring the design o,* = 37 nm at ATF2. Assumed here are nominal
laser and ATF2 beam parameters, as well as implementation of specific
correction functions for the sensitive 174 deg mode used in this case[6].

Modulation reduction factor 37 nm at 174 deg

Total power imbalance >99.8 %

Relative position jitter >98.0 %

Fringe tilt > 97.2% (tilt < 1 mrad)
Alignment (t, z) (> 99.6%,>99.1 %)
Spatial coherence >99.9%

Spherical wavefronts > 99.7%

Beam size growth within fringe > 99.7%

Table 4: Upper limits of dominant M reduction factors for measuring
oy* ~ 500 nm at 4 deg mode, estimated using data from June, 2012

Modulation reduction factor O(500) nm at 4 deg

Profile imbalance (t, z) (> 94%, > 89 %)
Relative position jitter >95 %

fringe tilt (t, z) > 95% (tilt < 20 mrad)
Alignment (t, z) (> 95%, > 99 %)
Polarization > 98%

IBIC2012, J.Yan
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laser path misalignment
2. Laser position offset

1 . Laser profile imbalance from IP (beam center)

misalignment of final lens focal point - not a concern,

divergence angle affected by reducer setup  mirror actuators finely adjust
to 1/10 of olaser

In past: long. : Cz- pos > 99.5%

replaced damaged optical components transv: Ct-pos ~ 100%

optimized lens / reducer setup, alignment methods

adjust to S state

by rotating A /2 wave plate
*measured in past :

= imbalance in intensity/ profile half mirror properties,

= half mirror R = 50% only for pure S state eccentricity Es :Ep=1:0.13
elliptical components (P contamination)

Polarization related errors

= Cpol=97.8+12.8-tanB £ 0.1%
(2-8, 30 deg)

Optical delay system
upper path

Cpol=97.2+1.3 -tanB £ 0.1%
(174 deq)

for now assume Cpol ~98 %

Beam splitter

26

Figure 4.7: [Left] The optical delay system for controlling fringe phase. [right] The piezoelectric stage



BELDRMBE (012EESLY) Upperpeth O

— :"..f." "rh.".‘" =N "_'""..f’: .
BORFRT VI L—FTRRREZYE -:J:/\Z ==
Hlaserwire : L

Profile Imbalance

scan

v' Compton peak power MEL): C,,, ~98%
v IP spot size 0., DELY: C ~90-95%

& —HIERERFHENDR , 2,/P
(R5t-BEE, tBEREect...) Mi=CM =T
total P,=0.88 € C=99.8% ’

®lensDalignmentf5 & P=P, /P,
(> ERFNEDELDE)
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tR) 2f5DESEDE
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RiELYA:
IERL XD
HEXA7tevk Atz

HERFEE A <3 mm

\w—nw hortzores B s > {EE: 3¢t <10 mrad Ct-tilt > 95.3%
o 5pz<5 mrad  Cz-tilt >998%
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2f 5inB/2

2f 5inB/2

ax with tilt

Transverse plane
tan & = Ax / 2f sinB/2 28




Laser Ray A Laser Ray B

" ElectronBeam  —» . . no Signal Modulation

vertical
——  High Modulation ‘
— longitudinal
=

IBIC2012, J.Yan
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mod

O mod x Indf 6666372.50000) 113
po 159667944 + 10161271

Pl 10.41400 + 0.00006

., . p2 0.00091 + 0.00008

2012061 3reducer scan mod Laser size ’ 9um d e

0.75 P !
07 o / ...... g \

1] NSRS SR S, N ............. _

0 e g -

s 5538 sf

: : P ar e R Al T AR L et [ s Bt B DHEra S
055 —afﬁ .................. ........ e Jhdnar ................ - 10.4020.4040.406.0.40810.4110.4120.4140.4140.41810.4210.4220.4924

05 o o _ S— Beam profile of lower path

. : — ' *Indt 203567025000 ) 114
045 : o [Graon ] :o 82250076 + 4105076
’ ’ p1 9.09604 + 0.00029
. p2 0.00590 + 0.00037

Laser size ; 50um | pa100R2: 2820t

1600

035 i i
14 5 1% 17 18 19 20 21 1400

Reducer
1000

Very narrow optimum setting

g §

:”I”'l'”l'”?"'l"'l”'l”

1. .. | I

PRSP S PR P P P P PR
9.075 9.08 9.085 9.09 9.095 91 9105 911 9115
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Current status of laser system

relative
timing

Intensity

Oscillation

profile

Major
upgrades in
laser optics

Stabilized by timing scans
TDC, TD2 modules

« Stability ~ 1%
* optics damaged by

high intensity laser in March
* Safe at ~ 40% power for now

currently stable
*exchanged flash lamps and seeder
* cavity mirror tuning

Triangular {(non-Gaussian) prefile at IP
dark spots
=> Improved by

rear mirror tuning

* Beamlok
* new laser table box
* additional mirror for
precise injection onto vertical table
* changed reducer and expander lens
(AR coating , magnification)

IBIC2012, J.Yan

Stat errors

Laser
timing

Laser
intensity

Beam
intensity
jitters

Laser
pointing
stability

Beam

position
jitters

1-3%

1.5%

ICT monitor
resolution: 2-5%
(Measured energy is
normalized by ICT)

10~ 15%

unknown

31



MA2 : 0.5-3.0

near field to few times of rayleigh length
*Assume injected size of w = 4.5 mm,

« fix focal point to 5.6 mm (lens mover position)

beam focusing dependence on M*2

MA2 = 0.5
MA2=1.0

MA2=2.0

o
-
BN

=
-—
N
|

2*sigma) [mm]

L MA2=3
I B

o
-—
|

Is present c

aist size ~
006 _, .......................... \ N , .......................... ., £, . .................................................

0.08 i N N ey Pl ATEEN (MA2,

laser waist size (

0.04 ..........................

002 & — S —

~1.5)

ase (?)

10 um,
hgth~ 1 mm

0
-8 -6 -4 -2 11C2012, J.¥an 4 6 8 32

distance from focal point [mm)]



4 consistent measurements at 4
including long range fine scan

M = 0.887 £ 0.005 (statonly)

init. phase: -2.162 +0.009 rad

deg mode :
(60 rad, Nav = 10)
oy =589 13 nm

phase drift ~ 18 mrad (~ 0.8 % only)

Rotation Control | TD2 FineDelay | Lw2s | w3 | 1wj74

Fringe Scan 2-8 degrees +

[(Geapn | 1 Inat uu.:'znlo ‘:’ :::
€200 Moddation 023460 - §.00624
| Phase = 2.06683:9.01005 |
5200
4300
»oo
s
2000
1000 }
of
0 10 20 30 &0 3 )
Energy deposit
6000
5000 _
m:o' ‘;' - == - ..'. ,=. -~ .' 0.
? R R i !| L M
300 ! ’.! -i'l :!|. :':. |~| LI -g" ." 'iil'
FELAT I ML W R AL
I LA TETATET R AT 21
R G W R e R
m&".u:"-"-l-'.“‘.. !l"-;.'."i‘-' .-0.L!I:.'-'n.l.-...r.;!:..‘ '!.I.‘.‘-“‘.o'-'.cl
» » » o % 81209, J.Yan

Fringe28 | Fringe30 | Fringe17a | Zscan2s | Zscano | Zscami7s | 2.8 |

Phase Scan Range
Min Max Step Nread
|IJII 3 Imu) 3 ||,u;n 3 |l|) 3
Origin Phase Position 12609
Current Phase Position 123711
Intensity Cut [¢9) |.',nm 3 <l< |1u,|xx| 3,
Fit Mode Il.l)'rrl ‘ EI 3637
[ san | sop |
Collision Angle 4.00907
Filename:  Jatf/ data/ipbsm/ interfere/meas 1 20614_231021 «
FileSeloct | Recalkulation I
Modulation 0.885 +/- 0.006
Beam Size 593.1 +/- 155 mm
Average 1473.501 +/-  10.531
Phase -2.167 +/- 0010
33




15 - 25%

10x By* (ex: 30 deg)
3 x By* (ex: 2- 8 deg)
1x By* (ex: 174 deg)

4
1

0.5

signal / beam current [GeV/10" particl
2

15
20

3

&

BG D .5652DF
~10-15%

D5 F I R—<10%

IN—KDIT 77y 7L —F

. ,
,~ A
/, “\ ‘/ :
( [ 1 \s
1 L { "\
f x A
! \ / \
/ Vi '
'] A / .
AN oy t
o/ \‘\ b4
N/ : ‘{
) " " ) y
4 6 s 10 2 4
phase [rad)

—— :

FETREETITET

Z-scan at 174 modeio

¢

IBIC2012, J.Yan
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A RBER

A0)—A—ZBCsI(TI) >

290 mm bulk

HI4E (10 mmx4) + &AM "bulk” (290 mm)

\ EBTO v I—REREE
ATF2 Tsignal EBGTRILF—RANT L)L éiﬁﬂﬁi)—vv—’éﬁtﬁng
MREGEICLZEA

g 0.35: = Signal
\ § W L FEEE DS beam tim&3KREA
= im N o L — ~ g
— Signal E F JJ Beam IKREIZEE INELVKDIZ,
10* |—BG S F
s : 2 025
s g o2 B #fi77BG —subtraction
3 “ON/OFFi&" 24
- cross-check®, 3 it
10 E o 0.1
0.05
‘ok - 1 ! I 1 3 |
R 50 100 150 200 250 300 . 350 400
S ' Depth [mm]
' il i LA didid i i iidid  uud B4 35
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Standard Pro Series

With BeamLok/D-Lok

BeamLok Specifications
Beam Pointing Stability12 <+50 prad <+25 prad
Beam Divergencel3 <0.5 mrad <2 x initial level
40 million pulses

Lamp Lifetimes!4

30 million pulses

Linewidth
Standard <1.0cm™?t
Injection -1
Seededls <0.003 cm
<0.5 ns

Timing Jitter1®

N Rery s mew g

LBeam Position LPZT Position
wf wf
. = r
of ry °
54 3 -0F
20 20
0F ok
-O: R 13

IBIC2012, J.Yan
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Ip Final Focus
WA h MR L BLL L L LY

1.1 ' ;‘ ' ! : .
— A —

Linac: E—ALIR)LF—1.3GeV

_— = A
Damping Ring: $AEET3w42,A11 pm*rad BgiEsRETS J'?-/z_

ILCTDHRE{LTI YA X35 nm-rad
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P Final Focus
vo by p AL

Final Focus: BT IRZEME [CH DUV =55

37 nmDREE—LYAX > FIMTE=4TRIE

nmULARLDE—LREIE

100 nmEA T D E —LH A X R E - EHf
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FFTB vs ATF2

Table 2: Typical e- beam and [PBSM parameters: ATF2 vs FFTB[2, 4]

FFTB ATF2
Beam energy 46.6 GeV 1.28 GeV
1 photon energy 8.6 GeV 15 MeV
rep. rate 30 Hz 1.56 Hz (3 Hz)
e- / bunch 1x10" 1x 10"
Bunch length 3 ps 16 ps
(0.*,0.*)atIP (900,60) nm (2200, 37) nm
Laser wavelength 1064 nm 532 nm (SHG)

Range for oy* 40-720 nm 20 nm-6um

IBIC2012, J.Yan 39



Reconstructed Beam Size [nm]

2

T TT]

'

L L

0% [ without BG

52009888
..:. .O.-...A-..r................
-

| © good condition
o bad condition

RN SR T |

10°

IBIC2012, J.Yan

10°
Beam Size [nm]

40



