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Role of Shintake Monitor at ATF2

ATF2: test prototype of final focus system for ILC
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ATF: 1.3 GeV LINAC, DR
- wextremely small vertical e beam emittance

! | ATF2 Goal 1:
verify Local Chromaticity Correction
| scheme by focusing o, to design 37 nm

Goal 2: O(nm) beam position stabilization

2014 Spring:

Shintake Monitor is the only device capable of measuring o, <100 nm
made new records in stable measurement of o, <45 nm
ATF2 Goal 1 (almost ?) achieves
—>Successful verified FFS design featuring the Local chromaticity Correction scheme
large step towards demonstarting feasibility of realizing ILC
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Measurement Scheme
Expected Performance
Role in Beam Tuning
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Measurement
Scheme

measurable range
determined by fringe pitch

T A
k, 2sin(@/2)
depend on

crossing angle 0 (and 7\4)
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Crossing 174° 30° 8° 2°
angle 0 Expected Performance
Fringe pitch (266 nm 1.03pum 3.81um 15.2 um
gor__ 4 Measures
k, 2sin(@/2) oy*= 25nm ~ 6 ym
Lower limit 25nm  80nm  350nm 1.2 um with < 10% resolution
Upper limit 110nm 400nm 14pum 6 um o =L bn cos(6))
2w M
dM = 0 S UIRS S 2deg. mode
o, an oy - 4deg. mode
for each 6 mode o | 8deg. mode
S 0.8 NN N b —30deg. mode
= - —174deg. mode
select appropriate mode 3060 o\ N
according to beam focusing =2 |
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Recent Beam Time Status




Newest Beam time status “record continuous scans” (June 2014)

~ | | 13 scans
M eas ~0.68 1 examplb U SO ~—a . S

45 F 45 £ Entries

Oymeas ™ 37 nm == y3 - N3 s n:::
“F « | i
12— -
10 251 .
o . i: Q‘e\
6 SE ~
45— 1
L e
of 10 = o 25 s S Y S ST Y 'k a—)

phase [rad] M

These are the results before correction best measurement stability~ 5%

of systematic errors iRt Y —
y date gre M peas Omeas [nm] stability

_ _ . 6/12 | 0.589 = 0.053 (S.D.) | 43.3+3.7 (S.D.) | 9.0%
Focus of this talk is evaluation |[76/137(0.563 £0.038 (SD.) | 45.2+£2.7 (SD.) | 6.7%

of “M reduction factors”

Reference:

¢ K. Kubo etal: IPAC14 :TOWARDS INTERNATIONAL LINEAR COLLIDER: EXPERIMENTS AT ATF2
. ¢ S. Kuroda et al : ICHEP14, “ATF2 for Final Focus test Beam for Future Linear Colliders”,

=>» show that the actual o, is smaller

after compensation of systematics degraded fringe contrast due to bias
M und / ‘ Good Poor
under- [ | _— conizast contrast
evaluation M meas ~ Cl C2 """ M ideal
beam —> . y/ 1
o, over- 2 2 — M
y . o, —> [0, + E‘ID(C.) /(2k ) ' Mlarge " under-evaluated
evaluation y 4 : y




Beam time performance

a‘ (am)

Beam Size Tuning after 3 days shutdown
Small beam (~60 nm) observed

~16 hours from operation start

3
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Week from April 14,2014

K. Kubo et al:

10 20 30 40 50 60
Time (hours) from Operation Start after 3 days shutdown

IPAC14 :TOWARDS INTERNATIONAL LINEAR COLLIDER
Week 2014 April 14

Progress owes to improvements of both IPBSM and beam
IPBSM:

* reduction in signal jitters/ drifts by hardware improvement
laser profile tuning, detector collimation , Q-Switch timing

* Speed up IPBSM control software : 1 Hz = 3 Hz
reduced effect from drifts (?)

* reinforcement of detector shielding :

Electron Beam :

* stabilize beam orbit
* exchange of magnets
* suppress wakefield sources in beamline

Y26 scan Dot 225"

HIGHLIGHTS of PERFORMANCE

Consistent measurement of high M @ 174°
effective linear / nonlinear knob tuning
o, >150 nm > o, ,< 60 nm within half a day !!

™ gnal Jitter

signal Jjitter

Nav = 30

- Beam tuning using sextupoles

\EVEREICRNR N Relative signal jitter in 174 deg
) mode fringe scans

Generally 15-50%,

phase [rac depending on phase



study of M reduction factors

Focusing on the most dominant “phase Jitter”
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1) improve hardware to suppress error sources by IPBSM group at KEK
M, =C - Cyreecn My, 2) Evaluate residual errors

Phase jitter (Ad) causes:
== relative position jitter | « laser pointing jitter, mirror vibration

(Ay) between laser and *  ebeamjitter Ap=2kAy 0,0, +Ay’

beam . s -
change over time, hard to evaluate quantitatively —_

Suppress by careful € laser misalignment (position & profile) shot-by-shot profile fluctuation
alignment: & fringe tilt (roll and pitch) => Optimization by “tilt scan”
Others: € Power imbalance
insignificant effect € Polarization : optimize by “A/ 2 plate scan”
@ Phase drift (linear)
€ spherical wave front effects
¢ growthof o, within fringes Plot signal jitter as a function of phase
fitting: convolute phase jitter and vertical jitters
A is one of the most dominant limit on small | == AE=0,, =02 +
o, measurement 27
y :
E‘ Fix M from
my personal focus: — regular fitting

develop original method for deriving A}
=» demonstrate precision of method using simulation
=>» Analysis of beam time data
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3
Fringe scan simulation input: : z% T’**W f{*ﬂ e # *ﬂ‘*#
past measured A ¢ T
(change amplitude) L
+ realistic long range phase drift 1
+ vertical jitter
Gaussian ’
A ¢2out I I T T 09— M correction precision — 5 m s
- extracted +—+— itted M +—d—s (o)
L A ¢ out matches e of lognd i o¢ . | better than Sh. input .
v A @ real 3 cormected M —¥—
Z osh - o7k .
5 ¥ = x * ¥
g 06} 4 5 ogs-= - 3 ’ -
5 $
+
L1 04 — 05 - + »
g 2 l <« —Mred. Due
024 1 04§ . -4 to A(p
. M. ... & M correction
mulation . : . . 03 ' : : '
simuia 02 04 06 0 02 04 06 08

10 randomoseeds

rms ol input phase |rad)

0.8 f
& A ¢ real amplitude=>

rms of input phase [rad|

Cy, =exp(-Ag’ /2)

History of estimated A¢ in randomly sampled scans

phase jitter [rad)
1.2

174 °:typically A¢ = 0.4-0.75 rad Phase Jitter ged: 1?;5,.:’&
contribute 5-9 nm to o, g | reen SR s
0.8 } ’ _
Less for 30 °: typically A < 0.3 rad &/10 | 1
0.6} ‘ . 3
-174 deg mode is more sensitive to e- beam jitter e o
- 174 deg mode has longer path length after half mirror 1) SR | v
‘I?‘} + G/iQ
. 3
Ad is combination of jitter and slow drifts - ]1 i ¥
_ LCWS14 11
effect on M depend on scan time structure ol . . . . .



History of estimated A¢ in continuous

M reduction factors for the two
record sets of scans in June 2014

scans (174 deg)
S — " date | 6/12 (9 scans) | 6/13 | (12 scans)|
| Qreen: 174 dog N,10 /20 Cap 0.878 0.886
Cratign | > 0.987 > 0.996
" | 4/10 C align > 0.911 > 0.970
‘ q Ciin > 0.999 > 0.999
0} ‘ ] 6/12 Chiteh =~ 0.988 > 0.988
o e Cophere | > 0.997 > 0.997
ol IR o113 Corowth | > 0.9937 > 0.997
oz b C'dn-ft > 0.999 > 0.999
Cpower > 0.999 > (0.999
0 Cpol 100% 100%
N [ C > Q4773 > 0.838
Full beam size evaluation for smallest oy \Dre\\‘“\n fotal %
Taking into account systematic errors :
date 6/12 (9 scans) 6/13 (12 scans)
M | 0.589 % 0.019(stat) "5 o00(syst) | 0.563 = 0.011(stat) 5 o0 (Syst)
oy | 43.3 £ 1.3(stat) s (syst) nm | 45.2 + 0.8(stat) >V (syst) nm
Demonstrates ATF2 Goal 1 is met within error ranges even for stable consecutive scans
Uncertainty of error evaluation
Y Uncertainty of the dominant AC, , : 5-10%

=M,

AC'tot

corr ~
Ctot

s 5 (45

Ci

WS14

=» 5-10% for

A Mcorr,

2-4 nm for 0y =45 nm

12




study of M reduction factors

Other details

Fringe tilt
Detector calibration
measurement of polarization, power, profile
Phase drift

LCWS14
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Laser profile

Laser pointing stability et S, e, feusiie)

x relative position jitter : Axrel ~ 25 um

laser pos. jitter : Ax laser / O _laser ~ 15%

%< 1 ndf 79.91/35
Epeak 2112 + 0.04834
x0 10.36 + 3.794e-05

:— Laser Wire I sigma  0.001885 + 3.735e-05
I BG 0.165 + 0.006887
mode

)
=
N
=
=

I g
)

energy [a.u.]

N

IIII|IIII|IIII|IIIIIIIII

Ax

O';aser ~ 12

1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1
10.355 10.36 10.365 10.37
mirror actuator position [mm]

e

Csl detector calibration Statistical fluctuation

[ A T
Detector Sl | AE 1 ' info. used in A ¢ analysis

linearity test

dominnat
Cstat = 6.2 * sqrt(unit of E)

signal energy jitter |
'] . -
E B

§

150 -

E [a.u.] ok , [ A\ e
= 650 * bunch charge [£9] AE = \ Ci + ‘ L) + (C2E)

. mam ' 3 e e e E
ssm BUNCh charge

Sigetl energy (4w ]




Direct Laser power measurement 174 deg U VS L path, vertical table vs laser table

Power balance better than 95 %
=» Cpower > 0.99 (M reduction)

results location 174 U T174 L vertical table | laser table
power |W] (mean+RMS) | 0.356+0.002 | 0.3573+0.003 | 0.799+0.004 | 0.8574+0.005
power jitter = RMS/mean 0.5% 0.8% 0.5% 0.6%

Total power jitter < 1%

Loss in transport line < 7 %

Phase drift (long range
(long range) drift of initial phase (fitted) in continuous scans

Simulation of M red due to linear phase drift
initial phase [rad] Typically 50 mrad / min
Cdrift > 0.99 for Nav=10, 50 8 (= - v ' '

o €<- < 0.1 rad/scan
I — T (Nav=10)

| . a T T
. realistic - Nav=10 +—
| nominal
NavsS0 h—#—
Nav=100

ph n-;l; dnift [mrad/min]




Fringe tilt / pitch Mis-match of fringe and beam axis Offset on
lens
Laver kntesipromce Fiinge Due to laser path misalighment:
— || o P *5 8

E— == if tiit ~ 5mrad :0,* =40 nm - 65 nm
= S e
e — A —— 2 2 2 A®
— L —— tilt oy,meas - oyO + Oyt talt

vertical verical 2 — 2 2 )

trhnsverse h@ng&tudailnal roll 7 meas = Ty0 + 72 laser * APpitch

» Position drift over time
* e beam itself is rotated in x-y

to correct tilt/pitch

I
e .—
R

Remote control of
mirror actuators

Modulation
o
'S
T

S o2 Sl
oG P e @

From precision of M3
setting

0.2 f i

1 | I | 1

o . | pate: 2014 06 11
Use interaction with |_thtscan ; ime: 22:49:32
beam as reference 0.6 € .

(peak search) -0.1 -0.05 ttiJ t 0.05 0.1
|
Ctiltroll >~ 099 | ‘Pitchscan] | 1 g
0.6/ |
do
0.5 .
l
Big improvement 3o |
of M 2
03 I #
|
M174L LCWS14 0.2- | | L 1 1

-0.1

~0.T

N
N

Beam time

25 mm

Fit results: A*exp(-(x-B)IC)"2/2
Modulation: 0.541 +/- 0.025
Center:  0.012 +/- 0.005
Sigma: 0.097 +/- 0.006
Chi2indf: 9.0670e+00/11

Fringe tilt
corrected by
about 0.5 mrad

Data file:
tilt_fringe_140611_224932.dat

Fit results: A*exp(-(x-B)IC)"2/2
Modulation: 0.522 +/- 0.024
Center:  -0.050 +/- 0.015
Sigma: 0.135 +/- 0.020
Chi2indl: 3.0978e+00/7

Fringe pitch
corrected by
about 2 mrad

Data file:
pitch_fringe_140612 ]d04638.dat



Laser polarization measurement

Optics is made for S linear Polarization
P “contamination” lead to power =M reduction

power meter
Pnsm reflects S light / Method:
5 Faacias , measure power while
hanlambda late /. 0 . .
p rotating polarization
Cmmmmmmees - using A /2 plate
ansm
high intensity E 0 P
polarizing beam splitter tany = Y _P
X
E.’EO Ps
Result: : very close to pure S state: P /P, <1.5% | ¢ [deg] | Pp/Ps [%] | tanx [ x [deg] |
86.8+3.0 | 1.47+0.06 | 0.121+0.002 | 6.9+0.1
1.4 . . . . . F'°‘£°; Wl ILaser power measured as a function of A/Z plate rotation angle |
Ll polarization neasu;e;l::r:zg —t— T ' ] Redk gggeg II.—Jpper
+ _i_ + + 1 | P'Geﬂ> € ower |
Py A A f P 174 s Lo | IEEESEMIPOWERIMESUREMENT
— 0,06 F 4
= 0.8f > . R .
" A A W A Y \ g 8§ L . °| by setting A /2 plate to “S
8. 0.6} V.b F 5] _ e -
: b T 89X peak angles
5 04rf sl X . .
S R R o S / - . |_cut out residual P light
0.2} " §
) . \ \ A nef <1 > confirm best power balance
- " Modulation
- 'P * e 50 100 150 N
S peak :
. 0 . half lanbda plate argle [deg) 0.7 K peak : . 90 de . S peak:
P ? (1 + Ccosd6 + CQS'LTIAO) » .Opde‘; l;sp::l;. g 1;;;::: 180 deg
0.5k O
0.4}
”A/2 scan” during beamtime — 03}
by setting A /2 plate to “S peak angles”, o2t
confirm M is maximized M
—>Should be almost no M reduction LCWS14 e 5 100 w 0

half lambda plate argle [deq]




Summary of performance of laser interferometer type beam size monitor IPBSM

various improvements made on IPBSM hardware and e beam stabilization

Stable beam size measurements (stability ~ 5% ) contributed to
Successful verification of a FFS for ILC

% dedicated study of systematic errors data analysis & simulation

)/

< after correction for one of the dominant M reduction factors phase jitter :
=» demonstrates ATF2 Goal 1 is (nearly ?) achieved within error ranges

\_ J

Preliminary evaluation of “best” measurements (June 2014)

date 6/12 (9 scans) 6/13 (12 scans)
M | 0.589 + 0.019(stat)=0553 (syst) | 0.563 = 0.011(stat) 9399 (syst)
oy | 43.3 £ 1.3(stat) 1y ,(syst) nm | 45.2 & 0.8(stat) 55 (syst) nm

e continue stable measurement for study of wake field effects
— achieve small oy with higher beam charge

* investigate possibility of usage for ILC initial beamline commissioning
(shorter wavelengths, stabilization)

J.Yan ‘s D thesis in process :
“Precise Measurement of Nanometer Scale Electrei>Béam Sizes using Laser Interference by Shintake Monitor”




References

+J.Yan et al: Measurement of Nanometer Electron Beam Sizes with Laser
Interference using Shintake Monitor in Nucl. Instrum. and Meth. In Phys,
Research A740 (2014) 131-137

»J.Yan et al, Measurement of Nanometer Electron Beam Sizes Using Laser
Interference by Shintake Monitor, Proceedings of Science, Proceedings of
TIPP14, in preparation

*»The ATF Collaboration: “Experimental validation of a novel compact
focusing scheme for future energy frontier linear lepton colliders”, Phys. Rev.
Lett. 112, 034802
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STEP1: generate fringe scan

Simulation study of A¢ extraction precision el <
assume “realistic” ATF2 conditions

?Signal energy vs phase TYTIET: E = avg {1 + M - cos q0} =@, +@,
5,16 fringe scan Eavg  0.9968 = 0.007947
3 h M 0.515 = 0.009437
g 1 - | init. phase 0.02223 = 0.02364 "
5L - ﬁ v— @ = Agp Random Ag input
£z
" E,, -{1 +M - cos(qo + (Random — Gaus(O,G(p)) }
- — \ ,— » vertical
;] simulatid OV,input = \/ const + (Cstat ) ( linear ) jitter
/E BG statistical laser input
i . phase [rad]
fix {M, @y, E,vg: Cconst: Csiat} to jitter plot
*Z I ndf 20.88 (18
M 0.5156= 0 L.
£l hinit.phase . -4 0
3osf¥ signaljitter vs phaspl'2%e  ©o%2: o STEP2: extract Ag from fitting
2 r stat 0.7 = D
?'45:_ ?;l;se jitter o%FS%; g:gzzgg Model o) o)
s b 1 Eavg T |opesB= 0 = —
EOA)E— & == \ AE —_— Otot - \/OV + Op
Sast- Sig jitter
03k = convolution of phase jitter and vertical jitter
: Jitter from A¢@ 1
simulatign o,=E, M 5[1 —2cos’ (pexp(—A(p2 ) + cos(2(p)exp(—2A<;02 )]
gy
phase [rad]
input: Oyo = 40 nm, 174°mode A@ , Clinear (2 free parameters)

Ap = 0.7 mrad , 24.5 % vertical jitter fixedparameters: M, ¢,, E,, , Cconst, Cstat: (estimated) 2!




Potential Sources of Signal Jitters Status

Laser pointing jitters  observed by profile monitor & laser wire mode :
(H relative position jitter “Ax”) ~ 5-10% of laser profile radius

Phase jitter A} Estimated by fitting of jitters in fringe scans
Vertical laser-beam relative position Still need independent measurement of either laser or beam jitter

jitter “Ay”

Also a M reduction factor Opap = Eang\/%[l —2cos’ (¢)exp(—A¢2)+COS(2¢)eXp(—2A¢2)]

Laser power jitter <10%

Timing jitter 1 — 3 ns peak to peak, add < few % to signal jitters

statistical fluctuations Depend on photon statistics :
detector properties, collimation, beam intensity, etc....

Other minor factors

e BG fluctuation, < 5% each, BGis not aissue recently with high S/N
e e-beam current monitor resolution

observe overall sig jitter in fringe scan ~ 20-40% depend on phase
drifts are hard to separate from jitters softetimes




issue of “oscillating” Compton signal jitters (period~few min)
€ pointing jitters related to complex internal structure of laser profile@ IP
eg. non-Gaussian multi- components

W%W

ATF2 online panei signal stablllty r

ALEL PR LI N AR

1HBH

Hardware improvements to stabilize measurements in 2014 by Shintake Monitor group@ATF2

Regular laser tuning by laser

(1) reinforcement of detector shielding (Pb and parafine) company engineer

(2) Stabilization of e~ beam improved tuning multiknobs, orbit feedback
(3) speed up DAQ software : reduced effect from drifts

luscan sigma [an]

(4) Adjust laser profile and focusing = Reduce pointing jitter at IP 5 005
(5) improved buildup and Q-switch timing stability ' ‘ focal lens scan

0,0045 b

5 e i |
0,004 b |

Relaxed laser focusing

0,0035 b

0,003 b

0.0025 [ IR I
0,002 |

00015 | < -> |
0.001 Broad Ravleigh length.>~ 4 mmn
- 0 5 10 15

20714-81-29 13253:2 ‘ 4074-01-38 15:55:29 5/29 (174 degF?:»al lens [mm]



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 )
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Timing and Power
Stability

Observe signal of PIN-
Photodiode @laser hut

Laser Power and Profile Measurements (Apr, 2014)

» Parallel propagation to final focal lenses
> balanced profiles and power (" 95%) .
between U and L paths
> loss in transport (laser hut = IP) < 7%
LCWS14 i



Role of IPBSM in Beam Tuning

transverse :laser wire scan

beforehand ....
Construct & confirm laser paths, timing alignment

precise position alignment by remote control

Longitudinal:Z scan

cros Date:
MeV/ICT Zscan oo 174 Time: 23:08:04
M
700 . e o
detect < 0.3k Maximize
e Modulation
500 Compton ;
- 0.2~
00 k<]
wof- 3 ¢ ¢
= > ¢
- * * o2 laser
g i N .2 o ¢ ¢
' 765 ar ars ars 9105 9(;55 9106
- i laser spot size ' MI74LY (mm]  5ctuator pos [mm]
o.t,laser =15-20 Mm
Fringe Scan 30 degrees [Coup2 Scan 121220 144102 i awmssarr
l-ﬁbun modulation 0.6052% 0.02974
) huaage__sonsouniazs R i
::2 Modulation 1 ::332.: Lg-g 0.1:— "
- F # After all preparations ..........
- N3 i continuously measure o,
s ‘\i\ using fringe scans
— a3 # > Feed back to
a0 ) ¥ multi-knob tuning
200 : - Modulation 0.635 +/- 0.028
o B P BeamSize 1288 +/- 6.8 mm
3 i 8 ' it Average 1033.502  +/- 24.206
mm' PRE AL AE L PLEAE FLAL F & Phase 4498+~ 0.056




