IPBSM
Performance Evaluation

17" ATF2 Project Meeting

Feb 12 - 14, 2014
KEK

Jacqueline Yan, S. Komamiya, K. Kamiya (The University of Tokyo)
T.Okugi, T.Terunuma, T.Tauchi, K.Kubo (KEK)




IPBSM :

essential device for achieving ATF2 ‘s Goal 1 !!
focus o * to the design 37 nm
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Beam Time Status




E Laser optics reform (summer)

10 consecutive scans @174°
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M=0.32 +/- 0.03

What is reason for increased jitters now?
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In June 2013, IPBSM demonstrated measurement stability : 5 ~ 10%
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History of signal jitter status in IPBSM fringe scans
(Mar 2013 — Feb 2014)
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relative signal jitter
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Jitter of Cherenkov Detector Signal

Amplitude and
N ; ; period of jitter is
Jl1rt jitters | :  Modulation scans sometimes
T ' | | Py , L N undistinguishable
' from fringe scan
signal
| '
= = A L, , . | Both signal jitters
and drifts exceed
~ 50% sometimes
“herenkov Stability Check —
Event ;3-:(-:- : s Stop '
",,::;f " Event: 0 Cherenkov: 0000 Start thme:
Al @ Div Mean: 0000 STD: 0000 d:‘jgg 19 ST@
Even-whennot-scanning,

rms jittenr ~ 30%

Save file:  basel140206_235827.binary
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Potential Sources of Signal Jitters
comments

Laser pointing jitters * observed jitter (CCD) 5-10% of laser profile
* investigated H relative position jitter Ax using laserwire scan

Phase jitter A} forAp=0.5rad, M=0.5 : < ~10 %@ peak , <~20%@mid
(V relative position jitter )

= My {1205 (g)exp(-9° o 29)exp (22|

Laser power jitter <10% from PIN-PD on laser hut table

Timing jitter 2 — 3 ns peak to peak, add < few % to signal jitters

Other minor factors
* BG fluctuation < few %, notimportant when S/N is very high

* Compton energy > 5%, not certain
fluctuation

* e- beam intensity (ICT) Few %
monitor resolution

Add up > AE/Eavg =20 - 30 %

however in reality there is significant drifts , hard to separate from jitters sometimes
ATF2




Hardware improvement attempts (by Terunuma-san, Okugi-san, and others)

» changed laser Q-SW trigger system - timing stabilized

» Removed cylindrical lens on laser hut table - reduced intensity bias in profile
» Adjusted gate width and variable attenuator of detector read-out module

Laser cooling water system
€ Tried various external cooling water temp. 18 — 29 deg (default 21 deg)
effect is unclear - inspection/repair by laser company

€ Other attempts = no clear improvement
adjust Nitrogen flow , cool power supply source with fan, move sensor away from hot pump
Laser cavity tuning (e.g. rear mirrors) , ect...

1 1.00v/ 2 108/ 500%/ 38205 10008  Trigd

Iming and 2 laser tuning , filter exchange
by Spectra Physics

—> improved buildup and
timing stability

Note: due to sensor size < laser
spot size, part of “vertical jitter”
may be pointing jitter




before tuning
Laser Profile (remove cylindrical lens)
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Laser profile
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vertical table
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after
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2 peak
structure

shifting
around

May be
affecting
laserwire
profile ?




Laser pointing Stablllty sigma [mm] Ax [mm] AxIP [mm] Ax/sigma AE/E relpos
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+C2. - (E(9))

Input conditions:

100 random seeds
MO = 0.636, Nav=10, 174 deg mode, Ap =0
Change 1 C factor type at a time, Keep others to 0
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Clinear —— . .
: moninal Effect of vertical jitters on
0,645 F Cconst —p&— o _
Cstat —f— fitted M
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linear, (E((p))z

“realsitic” (?) input conditions:

Oy, = 40 nm, M, =0.636, 174 deg mode
A =470 mrad

Cstat=0.1 Cconst =0.05




fitted M

Fitted M

" MNav=10, f

|/ Effect of Clinear on fitted M

3-7 % systematic M reduction ?

Cconst = 0.05, Cstat = 0.1, Ap = 470 mrad

" Nav=10, fit -
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“realsitic” (?) input conditions:

Oy, = 40 nm, M, =0.636, 174 deg mode

A =470 mrad

Cstat=0.1 Cconst =0.05, Clinear = 0.3




Effect of laser instability on M_meas

: Nav=10

Assume Comp. signal intensity suddenly change @ 8 — 15 rad (drift ?)
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Effect of signal intensity suddenly change (drift ?) E'/ E=1.4 @ 8 - 15 rad

Error is more serious for smaller

M0=0.4 than larger MO = 0.636  E/E°1+# Nav=10
Mexp=0.596 Mexp=0.358
AM/Mexp = fitted M 0.552+/-0.004 0.318+/-0.004
* 7% for MO = 0.636
M fititng err 0.027 0.028
o~ x* 4 ndf 3465(17 | =25 22/ ndf 1186 /17
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Input : Nav=10, 174 deg mode, ATF2

A@ =470 mrad, Clinear = 0.3, Cstat = 0.1, Cconst = 0.05




[Systematic errors . Mreduction Fator | aegraded fringe contrast due to bis

M under-evaluation e
v | / N\ Goo8 P
.ni[yn(jag - C’Ic'z -------- A’-{idcal = (HCZ) «Afid(.‘af |"’ . — w
i

conizast contrast

/(2K - -~ e M
( Y) M large under-evaluated

o, over o, — 0§+E‘ln(q)
evalution l.

Priority is to resolve signal jitters / drifts (= enable precise evaluation of M reduction factors)

phase jitter studied using simulation and monitor actual data
(V relative position jitter )

Details coming up

Fringe tilt (z, t) Optimization by “tilt scan” - jitters were too large to try this recently (?)
Laser polarization polarization measured = optimize by “A /2 plate scan”

Misalignment profile change shot-by-shot

Laser profile Non-Gaussian profile - sometimes observe 10-20% M reduction

Spatial coherence

Phase drift Negligible during typical beam tuning if linear drift < 100 mrad/min
maybe partially coupled with laser position drift / jitters
- Compton signal intensity drift

ATF2




Input conditions:

Oy, = 40 nm, M, =0.636, 174 deg mode

Vary Ao ={0.23, 0.47 , 0.70, 0.91, 1.2} rad
&> Ay={10, 20, 30, 40, 50} nm

About 24% vertical jitter ( > ~ typical)
Cstat =0.07 Cconst =0.05 Clinear =0.23 realistic assumptions??




Phase jitter Ad
(relative position jitter Ay)

Horizontal jitters

Hard to separate phase jitter from e-

A¢@ > M reduction

y=>y+Ay 0, =0} +(&y)
Ap=2kAy k= z—ﬂsin(g)
2
CA(p — exp| - Ag | (example)
2 if Ap =400 mrad, CAP ~ 90.5%

=44 nm

0,0 =40 nm - Oy, meas

beam jitter and vertical jitters

conditions change over time

we have developed a method for extracting Ad

Fitted M —

calculated reduction

M reduction from A

"~
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corrected M _—
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-
(=}
—
2
o
—
=
o
o
=

Before: fitted M

simulation

i

modulation

After correction

simulation
M, = 0.636
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0.4 0,6
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0 0.2

0.8 1
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0

0,8 1

A [rad]

0.4 0,6
phase jitter [rad]

0,2

M is corrected almost back to nominal using extracted A¢




STEP1: generate signal energy

Reliability test of A extraction using simulation b !
reflect “realistic condition”

Signal energy vs phase YN E = avg {1 +M - cos 90} P=Q, TP
fring e scan Eavg 0.9968 = 0.007947
; M 0.515 = 0.009437
- | init. phase 0.02223 = 0.02364

E,.- {1 +M - cos(qo + (Random — Gaus(O,G(p)) }

a.u)
-
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% B ':)Ig;s'e'z[g;] STEP2: fit jitter plot
fix {M,@, E,,q: Cconst» Csiat} to jitter plot - extract Ag@ , Clinear (2 free parameters)
W s o
'3 | naI Itter VS haS amit.phase 0.022232 0
o TR e e o Medel o~ 0?40
.45 linear 0F3%: 0.0f485 = tot — \%4 p
E | ppase jitter 0.6p8d = 0.02222
§ 0.4 Eavg T ‘O.LQGS = 0
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vertical jlttel" —2
\/Cconst + C?lat ’ ((p) + Clzznear ) ( ((p))

simulatign

T fixed parameters:

phase [rad]
input: 0,5 = 40 nm, 174°mode i ?:/I (po’tE%Qt' 11r.0mt_STEth1 . - .
Ag = 0.7 mrad , 24.5 % vertical jitter const, Cstat: estimated (slight uncertainties are negligible)




phase jitter [mrad] typically Ap~0.5, regardless of crossing angl
1200

History of phase jitter from
March 2013 - Jan 2014

1000

800

Jan, 2014

BO0 . 7 -
v

4 Now (Feb,

400 &« -

_ ¢ :
200 q)\/ §>'\T

May19-20 Jun 6-21 Dec5-19

0 2 4 B 8

Only big phase jitter in Mar 2013 , reason is still unclear

Ap ~ 1rad, ~ 15 nm contribution to beam size ??
3/8: 1.07 +/-0.10 (rms) rad 3/14: 1.01 +/-0.16 (rms) rad

after correction: M =0.50 +/- 0.09 (stat) (¢=> o," =50 +/-5nm)

ATF2
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8k :'.’:‘-‘ -o.ou:: N Mean 0.1145
E RMS  0.03744 255_ RMS OQ
: Piezo jitter in Mar 2013
few 100s of mrad

pezosetresa] | big A in Mar 2013, maybe due to piezo jitter (?)

Piezo jitter typically’F
few 10s of mrad 5

piezo jitter [mrad)

(monitored valug) Reasorn unknown
10
st
L S S 3 S B S Sy B e 0= 0.5 0 0.5 1
phase ' phase [rad) 4
Mar: phase jitter ~1 rad Avg piezo jitter ~ 250 mrad
May, Jun: phase jitter : 200 — 500 mrad Avg piezo jitter ~ 25 mrad
1000 (= - - - - — tg. n
N e - i - 0- '] 1] ] ']
5 p‘l’:::—::s‘:::';m“ | : | can neither claim nor reject correlation (??)
800 [ Y: phasejitter- . .- - SREEEE - f SR Feene: SR Maybe ADC mal—functioning, noise from nearby
: : : : : devices / cables during beam time , ect---.
800 i o fe
: » i : this is all we can investigate for now
e RN prrTris e 13 ( option: cut events with large piezo jumps)
200 f-- : : . :
< J N more important to ensure piezo controller and
. ) ; Mayt : une = i ' | | monitor works for current beam run (next page)
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Except for Mar 2013,
piezo jitter only a few
10s of mrad

regularly monitored

piezo set - read [rad]

set - read [rad]
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phase jitter [mrad]

"phasejitter2014JanFeb,dat"

Avg: A ~ 0.48 rad
theoretic Cphase~0.89
ex) possibly slight M reduction
Mmeas = 0.55 - Mcorr = 0.62

scan index




Clinear History of Clinear from March 2013 - Jan 2014
0,6 r .

Clinear increasing
(A not changed)

0.5
Laser related jitters dominate
0.4
Feb, 201
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C_const 004+ O
C_sqrt 0.1+ 0
C_linear 0.494 + 0.02961
phase jitter 0.31p4 + 0.1852

897+ O

25 30
phase [rad]

A@ = 319 +/- 185 mrad
Clinear = 0.49 +/- 0.03
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r (Ag) using fringe scan data from May 2013: (left) 30°mode, Nav =99 (130519 _233915)

A ¢ =049 +/- 0.01 rad, Clinear = 0.16+/- 0.01. (right) 174°mode, Nav = 10 (130520 _222330) A ¢ = 0.45+/-0.14 rad

Clinear = 0.24+/-0.02. For 174° thode here, A@ contributes 5-10 nm to the measured oy* .

@ = Tt 1027115
L 047 0
3 init. phase 207 0
= C_const 0069: 0
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Summa ry Shintake Monitor (IPBSM) : essential device for achieving ATF’s Goal 1

< Status >
s ~ Jun 2013, contributed to beam focusing / beam studies with measuring stability 5-10%

% Recently (Dec 2013~) : significant increase in signal jitters / drift
. hardware improvements are on-going

< error studies>
* simulation on effect of vertical jitters : laser-related jitters (Clinear) can cause AM/M > 10%
*  phase jitter studies : A typically ~ 0.5 rad, not increasing since May 2013,
despite vertical laser jitters are getting worse
c.f. analysis of continuous scan @174° in Mar 2013 M = 0.30 +/- 0.04 (stat)
(€= oy* = 65+/-4nm)

Goals |® improve measurement stability and precision

® identify and suppress sources for jitters / drifts
® analyze data before/ after to evaluate effect of hardware upgrades
® Simulation studies to determine “limit” for instabilities

these must be achieved before other M reduction factors can be evaluated precisely to
correct the measured beamsize

ultimate goal: measure oy* < 60 as precisely as possible
- move towards achieving ATF Goal 1
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extracted phase jitter [rad]

— extracted Ag
Nav = 100

" in=0,1,18 rad —}+—

in=0,91rad
in = 0,7 rad

cannot take many scans during beam time
—~>Need to observe random distribution

» X axis: 25 random simulation seeds
represent individual scans

Nav=100 : small deviation from input
(0<100 mrad even for heavy Ag)

Nav=10:
large deviations

for heavy A¢@ (> 700 mrad)

extracted phase jitter [rad]

extracted A " in=0,1,18 rad —}+— |
— in=0,91rad
Nav =10 in = 0,7 rad
3 in=0,47 rad
j_ {# in 0,23 rad

%l I% [T
L i ﬂ% o %

0.8 F

o | ‘I‘ k) _1_ :: ¢ I
0.4} ]
0.2
0 L : : :
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seed no



Simulation test ©: Mean & RMS (S.D.) of 100 random seeds

extracted phase jitter [rad]

extracted Clinear
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matics on fitted center ivalue: jitter [radl
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[
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o
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Fitting error has larger effect for smaller M,

M fitting error

Input :

M fitting error

000? T T Y ' . .
Clinear, M0=0,35 —F—
0,06 F Clinear, M0O=0,636 ——&— |
Clinear, M0=0,5 I
0,05 F
0004 » +
4
0,03 | -
4
0,02 p 4 A X
4 X
rt X
0,01 F | ) x
o >\
P aN
X
0 4 | 1 2 - .
-0,1 0 0,1 0,2 0,3 0.4 0.5

Nav=10, 174 deg mode,

Change linear,
Keep others to 0

ATF2




fitted H

0,36 . . T u
oo’ i
| Coonst X
0,645 Cstat. 9
0.3%8 F MO = 0.35, Nav=10 X
X >
+ |
0,356 | . O
S >< AN
0,354 F + 0.635 b n
" =
0,352 } T t+ F
0,63 F
+ L i i i i
0,35 ] 0,1 0,2 0.3 0.4 0.5
' ' ' ' ' 0,04 : :
0 0.1 0.2 0.3 0.4 0.5 im0 T
. . Cconst, MO=0,636
Confirmed over-evaluation effect of 0,035 F
Cconst using smaller M0 = 0.35 003} M0=0.35, Nav=10
— — +
Compare M0 = 0.636 and M0 = 0.35 25 } M0=0.636, Nav=10
X axis: Cconst 0.02T n
Y axis: (M_fit — M0)/MO -
axis: (M_fit — MO) 0.015 b
+
0,01
Input : +
Nav=10, 174 deg mode, 0,005 f
Change 1 C factor type at a time, . X . _ _ _
Keep others to 0 ATF2 0 0.1 0,2 0.3 0.4 0.5




Table 2 : Preliminary A¢ analysis results for various periods in spring and winter of 2013.

date (2013) 8-Mar 14-Mar 19-May 20-May 6-Jun 21-Jun 5-Dec 19-Dec
mode [deg] 174 174 30 174 6 30 28 4
Nav 10 10 99 10 10 10 50 10
M_meas 031+/-004 030+/-004 0586+/-0.009 0.365+/-0.022 0.807+/-0.018 0.714+/-0016 051+/-002 0.54+/-0.04
A @ [mrad] 1067+/-31 1013+/-50 485+/-44 449+/-138 253+/-25 356+/-27 229+/-40 485+/-142
Clinear 0.11+/-003 0.13+/-003 0.16+/-001 0.24+/-002 020+/-002 006+/-002 0.29+/-002 044+/-006
1006 Correlation coefficient = 0.67
: : ? : : ? eak-fo- eak' -
> T
800 { ................... R EEE TR SEEEERE T -
: : +
= : : :
1M - - -
L% BOOF- - R I R I g
5 S S
-+ . . . .
500k SRR S o .
O . . . .
N : : + -+
B : +i4 o
200 CRRRERSEREERS I J
: + .+
ol oo AU UUUUUE NN SO SO .

800 900 1000 1100 1200 1300 1400 1500 1600
phase jitter [mrad]

ATF2
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Proposal by Kubo-san on more accurate fitting function for signal jitters

o) 2 2 . T . T
CF = OF vertical + OF phase Convolution of phase jitter and vertical jitters

P 2 Signal jitter due to phase jitter
O-E'.phase(¢0) = (E(¢0)_E(¢0)}pMSe € ! P !

- % ;—’WM'*’ [1 —2cos? @ exp(— crqz, )+ cos(2¢y) exp(— 20':, )]

Vertical ) 2 ) T 2 B
jitters O—E,venical = Cconst + Cstat E(‘Po) + Clin (E(¢0))~ . (5)

E(p,) and (E(gz)o))2 are given by [1] as.

E(@y) = E | 1+ M cos gy exp i E = Eavgx(1+ M*c&@@¢+¢0))

{ o2 ] before, I used just

(E(%))2 = E;;)\,e 1+2M cos g, exp(—% +%M2[1+cos(?.q)o)exp(—b.aé)] (7)

ATF2




I
#1 Fringe Tilt gnr:zl-?eaat;hac;:i;rmge Y Due to laser path misalignment:

T Focal 1 it ~

o if tilt ~ 5 mrad
e Vertical o, =40 nm - 65 nm over
table AZy
— - Electron Beam —= -AYI issues
' Z ePrecision “by eye” : ~ few mrad
St —— - *Position drift
transverse longitudinal -
,* = ‘ ‘Rotated e beam
honzonta ongIrUaINg

e- beam direction “tilt Scan” i

ex fringe pitch
| M 0.07 »> 0.32

Contributed :
to improved 15 F .

ision I! - ;
precision !; At M174L¥
(8.9 mm>9.01 mm |

892 894 896 898 9 | 9.02 904 =9.06 9.08 9.1
M174LY

modulation

AN
Fig by Okugi-san



#2 Polarization Measurement IPBSM optics designed for linear S polarization
b pr-lar:i*afim; nwaf-ur;mpnt e
1.2} ' © Fitting Set-up [ﬂ—\_]
,#, é, = =
v J 4 T S : reflected ﬁ
= 0.8 ] half lambda plate
e ) Y P contamination : J‘_ | &%)
3 0.6 A PplPs <1.5% P : transmitted :
% II‘.‘i o3 R oo 1 ,"
- I . power ratio high Intensity &
0.2 F polarizing beam splitter
ol i{ .
_» Beamtime : “A/2 plate scan
T 50 100 150 200 250 300 350 400 , .

half lambda plate angle [deg]

almost no M reduction due to polarization

A
measured “half p

mirror” reflective Ll half mirror

properties y.
Rs = 50.3 %,
Rp =20.1 %

- match catalogue value

S peaks” also yields best power balance
between 2 paths !!

S peak

}
| |

[ | |
q \

| ||
V > 45 @cg between S and P

e

Rotate A/2 plate angle A[deg]

confirmed “S peaks” maximize M




Confir

seem generally OK

Simulation
Input: Ag = 0.7 rad, Clinear=0.23 0.3

med chi?2 distr. contour plot

0.25

0.2

IIIIIIIIIIIIIIIIIIII[II

0.15

0.21

0.2

0.19

0.18

0.17

S

Nav=10

IIIIIIIlllllllllllllllllllllIllllll

of
(4}

Nav=100

0.68

0.7 0.72 0.74 0.76 0.78 0.8 0.82
delta_phi [rad]

1 I 1
0.55

0.6

0.65

0.7

0.75

0.8

0.85 0.9
delta_phi [rad]



0.18

0.17

0.16
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Confirmed chi”?2 distr. contour plot
seem generally OK

Real data
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30 deg mode
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extracted Clinear
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evaluate laser pointing jitter using Nav=50 laserwire scans
in the form of horizontal relative position jitter between laser and beam

E(x)=E,exp _M

2
2Gt,laser
dE d (x - X )2
AE,, (x)= (X)AX—— E,exp|-———2||Ax
dx X 20t,laser

AE., (x)=AE’ (x)+AE;,

Sig
AE’ (x)=AE? (x)+AE;

Si8 stat

(x)+ AErel (x)

laser

2

( smt\/E(x))z ( laserE(X)) _XZ—XO exp[_(x_zxo)) - Ax

20

tlaser tlaser



evaluate laser pointing jitter using Nav=50 laserwire scans
in the form of horizontal relative position jitter between laser and beam

AP(ar)= (P (8 )~ ((P (o))

g |

2

2 0, o,
AP(AZ) ait 1_3a_§t+
P 207 o2 T
2 2
O o) N T )
E \/zgliser Gilser



Optics reform of 2012 summer By IPBSM group @KEK

Aim: Proved greatly effective in 2012 winter run
» Suppress systematic error sources

> Higher alignment precision & reproducibility

improvements details

alignment precision e focal point scan for all modes
v'match focal point to IP e CW laser + reference lines on new base plates
v'Injection position / angle into lens * new IP target (screen monitor)

v'Re-optimize expander / reducer
. 0 mode switching technique
consistency, reproducibility {small linear stage + mirror actuators }

before / after mode switching now: independent for each mode
(before: shared rotating stages)

balanced profiles suppress difference in path length & focal point

Tuning of main laser | by Spectra Physics

ex: spring 2012 : . _ _
Adjust curvature of laser cavity mirrors % Reform laser profile and spatial coherence

Aim for a more Gaussian profile (adjust YAG rod & cavity mirrors)

% Exchange flash lamp

/7

% seeding laser tuning (= oscillation stability)

ATF2



Measurement Scheme

ATF2 beam tuning

and achieve Goal 1

* use laser interference fringes as target for e- beam
Only device able to measure 6, < 100 nm !

—

realization of ILC

L Laser
Split into upper/lower paths S
- phase scan by piezo stage >
Optical Delay Line Compton scattered photons
detected downstream
'\\“.
W, Scattered Photon
\ (7 ) Gamma Detector
Piezo Bending M agnét/w \/rH
Virtual IP\ P o —
Electron Beam
e- beam
S safely dumped

Collision of
e- beam
with

laser fring'e\-—-""

y
A
Z

upper, lower laser paths cross at IP
- form Interference fringes

ATIMrEN




Laser Interfere Fringe

Electron Beam

Small o,

Large o,

a Focused Beam : large M
N +
T oy o o i
N- v .. e
Fringe Phase |29
 signa

Dilluted Beam : small M

., - ~
e - - -~

Fringe Phase 4]

Detector measures

signal Modulation Depth “M”

;]]:7,_ = ‘cos(@) CXP(— 2(kyay)2 J

+ _

+ o (2]
1 M

2crossing angle 0 (and )

measurable range A
determined by fringe pitch 8,

TT A

ky 2 Sin(ﬁ/ 2) Elecyo Boam

depend on 0




Crossing 174° 30° 8° 2°
Expected Performance

angle O
Fringe pitch 1266 nm 1.03pum 3.81pum 15.2 um
g-x__ 4 Measures
Kk, 25m0/2) o,* = 20 nm ~few pym
A ' % resolution
Lower limit 20nm 70 nm 170 nm 700 nm with <10%
Upper limit 90nm  340nm 13um 5.2um o = qd 21n cos(8)
Y M

o, and M
for each 6 mode

2deg. mode
4deg. mode
8deg. mode
—30deg. mode
174deg. mode

=

select appropriate mode
according to beam focusing

Modulation Depth
o o
o o

o
S

o
N




optical
delay

half

Crossihg angle
continuously
adjustable by
prism

Vertical table
1.7 (H) x 1.6 (V) m

* Interferometer
* Phase control (piezo stage)

path for each 6 mode
(auto-stages + mirror actuators )




Preaparation of IPBSM beforehand .... Align laser paths, timing , ect.....
for Beam Tuning

transverse : Longitudinal:

crossing & Date:\2013 03 14
Z scan ra-v-:f e 174 Time: 23:08:04

m

: | % _ Maximize
\‘ Modulation

detect .
Compton }

Modulation

|

9.055
M174LY [mm)] actuator pos [mm]

Fringe Scan 30 degrees [Coup2 scan 121220 14 Example of multi-
E— : : | knob tuning

[Graph ]

2000

After all preparations - =y I #

1200
1000
800

Sigma 0.25387 0.01584|
continuously measure o, =

200

using fringe scans l i * ‘ A : i

Illlllll

llllIllllllll”llllllllllllllll

- Feed back to ES Tunlng knobAmp
multl-knob tunlng 04 03 02 Ol 0 01 02 03 04

Modulation 0.635 +/- 0.028
Beam Size 128.8 +/- 6.8 mm

Average 1033.502 +/-  24.206

35825 HEEEES

1= 'I||ﬂl"q‘llLI||]IIYllIYIIllllllllllllllll

Phase 4.498 +/- 0.056

o




