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Beam time status in 2012 ]
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Commissioning of 30 deg mode
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measured M > 0.1 many times, but not enough reproducibility



. 8 deg mode:
Error studies at

4,8 deg mode

8 deg,

Gy*= 413.4+44.4 nm M
From 11 stable consecutive scans
Feb 21, 2012

~0.79
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M still at 0.8 after
switching to 4 deg mode



zdeal (HC ) ideal

degraded fringe contrast due to bias

- G’ ov* over-evaluated

> ccas‘ co ag,-idcal + % ZlnC!l
v

beam —»> l

< .y
Kl Iarge ! under-evaluated

can o, ,...s
be reproduced ?

after vertical orbit tuning, coupling, dispersion correction
Mieas ~ 0.8 (oy*x~ 400 nm) @ 8 deg mode (2/21,3xf,*)

€ Next switched to 3.98 (4) deg mode
If oy* ~ 400 nm didn’t change
M ~ 0.94 expected, but M only reached 0.75 ~ 0.8

-> overall M reduction factor due to syst. errors : C ~ 0.8 (.°. 0.75/0.94)
could be worse .". 8 deg mode already limited by syst. errors



Fringe Tilt transv : dpt = arctan (2f : sily(eﬂ)) long. : dp. = arctan (3—;)
fringe tilt bias expected from 8 deg 30 deg 174 deg
(Ay,Az) = (3mm, 1 mm)| f— 250 mm | £ 300 mm | £250 mm
dpy [mrad] 85 19 6.0
Ciiint 95.4% 96.8% 95.3%
dp. |mrad| 29 6.1 2.0
aim for C. tis 100% 99.8% 99.8%
alignment precision
(Ay, Az) <~ (3 mm,1 mm)
transverse longitudinal
Laser Interference Fringe
menenanEnEni ey
* Longitudinal tilt not a major concern R o=
e S ———
- large 0,* (currently ~ 10 um) ——. ~ R —
impact tranv.. tilt — ‘_
orome [ e

Evaluation from beam time data

vertical
I—- honzontal

from actual data. | 4 deg (2/21) | 8 deg (2/21) | 30 deg (2/17)
0, |mrad| 20 11 10)
Cy tile 96.6% 96.8% 79.8%
0@ |mrad]| | | 3.3
C. tils 1009% 100% 100%




Laser Interference Fringe

Relat-lve pOSIt.Ion Jltter Beam Position Jitter _’\
Electron Beam o 1

In general: Ay ~0.3 oy I = — Fringe Position Jitter
<> Aa >~ 250 mrad for 174 deg mode vertical e
Cphase ~ 98 % 1
longitudinal T

IPBPM data not yet available Small oy* is sensitive

= Estimate “worst Aa 707 M plo\

e 7 fringe scans in 2011 | 2/21 (4 deg) | 2/21 (8 deg) | 2/17 (30 deg)
£ 11 | Aa [mrad < 310 < 316 < 384
s Ay [nm] < 376 < 192 < 62.9
Z?; N3 ; Cohase > 95.3 % > 95.2 % > 92.9 %
3 f i
E 40:—1 * -—)‘k-
B R A feedback correction
(phase dri | beam position measurement
Boef by IPBPM ?
bl SO (= afternoon Goal Il session)

phase [rad]



Phase drift Esig = Eav {1 + Mcos (a + ao)} s 2172012 30 deg phase drift

initial phase a, vs time N = g e SIEE
t : E -1.5
ypically 2
. . £ -2t
30 - 90 m.rad permin 2] 21z (3x[B*y ) r (ex:) 2/17 : (30 deg, 10xB+y )
-> neglegible g o5t
gleg | 66 mrad/ min
1.8 mradl min (8 deg) - 0 2l00 4.00 BIOO 8.00 1(;00 1200
24 mrad/ min (4 deg) time [sec]
Polarization related power imbalance Optical delay system .
impacts.-fringe-contrast Jpperpe
- adjust to S state by rotating A /2 disk
* not measured recently _
v'half mirror properties  (50% reflection only for pure S) half mirror
. . . . Jower path
v'eccentricity (P contamination)

* measured in past: Cpol ~97.8 (2-8, 30 deg) Cpol ~ 97.2 (174 deg)
for now assume Cpol ~98 %

laser proﬁle imbalance « misalignment of final lens focal point
« divergence angle affected by reducer setup

* replaced damaged optical components

. optimized lens / reducer setup, alignment =» C profile = 99-100% not major concern now



. Systematic Errors estimated from actual beam time data

M odulation date/optics 2/21 3 x8; 2/17, 10 x ;3;_
reduction o, [nm] 300 - 800 160 - 200
factors mode 4 deg 8 deg 30 deg
polarization Coow—pol ~ 98%
relative pos. jitter | C,._,.. > 053 | >952%/ > 92.9%
laser path z: C:pos > 99.5% |
alignment t: Ci pnos ~ 100% |
profile imbalance C profile = 99.9% 100 % | = 99.9%
Fringe tilt t: Cy it > 96.6% | > 96.8 % 71 > 79.8%
z: C. qilt ~ 100 %I
Total | IC; > 89.7 % | > 88. 97’/ > 72.1%

total M reduction close to, but not agree with estimated upper Iimitlé~ 0.8
Not adequate data to accurately evaluate all error types (ex:) Cpol >98%, phase drift (few% ?)

largest syst. errors appear to be

relative position jitter (phase jitter) 2> feedback correction of beam position

Fringe tilt: > now practicing more precise alignment, tune o*x smaller (also issues of rotated beam,
coupling) effects

Especially happened to be heavy for 30 deg
Even so detect M at 30 deg = oy* much smaller than 200 nm (?!)



. Syst. Errors for 174 degmode

Small oy* sensitive to

relative position jitter

/

expected / actual evaluation
174 deg mode o, =~ 40 nm , nominal :;g/optics o, =~ 90 nm , 10 x 3 beta optics
oy =~ 2.2 pm, Ojgger A0 pm oy~ 11 um, 44 =~ 15 pm
polarization 99.8% (*) adjusted to S polarization
Crow—pol ellipticity not measured recently
Cn,z_po, = 98.0%

laser position alignment

Cl. 08y Cz. os )
( P P

(~ 100%, > 99.5%)
fine alignment of O(oy 1aser /10)

using 10 nm res. mirror actuators

profile imbalance
(Ct.pro[ilc’ Cz.pro[ilc:)

(99.6%, 99.2%)
assuming 1:1.2 balance

> 99.9%

tilt : (C“m, C. lnf!)

sphere

(> 99.9%, ~ 100%)

nearly zero offset

>

/0

99.7%

Cgruu:
Cr:uh N > 999%
total HC, \ > 95.4

\

Some errors intrinsic to 174 deg mode

-> Special hardware upgrades

(coming up)

Fringe tilt should not
e concern if
meet alignment precision

I~



Syst. Errors specific to 174°mode

Laser Interference Fringe

Spherical Wavefront

Offset between beam and laser waist ElectronBeam  ——

vertca
I—‘ longiruding

- beam “feels” distorted fringes
-  Csphere >99.7 %

Focal scanner - align focal point to IP
P I expected precision: < 9% of Rayleigh length

add mover (stroke 30 mm, 0.1 pm res.)
to final lens

Change of beam size within fringe

fringe pattern

Strong focusing,
change in oy* within laser fringes
no longer neglegible beam

Cgrowth ~99.7%



Current status : laser system

region statws____________________________

1 relative timing Stability ~ 500 ps : ~ 1.5% on stat.errors

2. Intensity Stability ~ 1% : ~ 1 % on stat. errors

intensity issues!! optical components, viewport damaged by high intensity laser
Reducer setup, final lens, flash-lamp exchange
~ 50% power operation for now

3. temperature constantly monitored according to standards for stable operation
4. Oscillation flash lamp exchanged
seeder malfunction occasionally = Inspection by technician

5. profile Triangular (non-Gaussian) on vertical table, dark spots
Improve by cavity rear mirror tuning

6. Laser position Added Beamlok
stability



Summary

Status :

** Commissioned 30 deg mode : M ~ 0.5
stably measured oy* ~ 200 nm

¢ Error studies at 4 deg, 8 deg mode

¢ 174 deg mode: M maybe detected

Systematic Errors:
s Upper limitonM:C~ 0.8

(from 4, 8 deg mode studies; depend on condition)
+»* Relative position jitters, fringe tilt

Solutions:
** Improvements in alignment, hardware/ software upgrade
% Accurately estimate syst. errors to correct o,

important for mode switching, precision at 174 deg mode



Goal and Plans for 2012 spring run

» As effective beam tuning device :

* Fully commission 174 deg mode

* resolve and accurately evaluate systematic errors

« bias factors intrinsic to 174 deg mode

More on beam stability

coming up in afternoon talk Laser issues

*Maintain stable system
‘Improve profile
*Optimize setup of reducer, final lens

*Intensity control
Important for nominal beam operation !!!



BACKUP



Commissioning of 30 deg mode

Gra

B P B

% 1 ndt 85.71873 (77
L\ Average 2290548104 £ 58.40056
{ Mochdation 0.43854 + 0.03388
_Hhase 141352 £ 0.08236

o,*= 201 £ 4.4 (stat.) nm
M, cas = 0.429 £ 0.012 (stat.)

From 10 stable consecutive scans
30 deg,

Feb 17, 2012

(10x B,*, 10x f,* optics)

¢ 2 B 10 12 16 18 20
largest M., = 0.522 £ 0.042 <> 0Oy ,c5s~ 165 NM
2/17: 30deg | M | AM o Ao} | avg Ege/ ICT [GeV / 107%]
18:07 0.426 | 0.039 | 194.98 | 6.21 2.359
18:09 0.390 | 0.043 | 206.63 | 6.48 2.403
18:12 0.433 | 0.036 | 192.55 | 5.73 2.269
18:14 0.439 | 0.034 | 190.82 | 5.49 2.290
18:16 0.437 | 0.038 | 191.29 | 6.16 2.303 *
18:18 0.460 | 0.040 | 183.86 | 6.78 2.267 *
18:20 0.444 | 0.035 | 189.20 | 5.77 2.450 .
18:22 0.39 | 0.042 | 206.67 | 6.902 2.292 ot
18:24 0.453 | 0.037 | 186.17 | 6.203 2.356
18:26 0.389 | 0.042 | 207.029 | 6.205 2.360

S/N:4-5
Signal jitter ~ 22%
BG fluc. ~ 15%

ble beam current



focal

point
2f sinB/2
no tilt
Final
lens Transverse plane
. '
focal
point
2f sinB/2 ¢
Ax with tilt
Transverse plane

tan ¢ = Ax / 2f 5inB/2




transport «—>
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Vertical table

=

H2

[=IH3

Wavelength 532 nm (SHG)

Nd :YAG Pulse Energy 141]
Q-Switch laser| Peak power 164 MW
PRO350 Pulse Width 8 ns (FWHM)
Spectra Physicg i 625 Hz

Line Width <0003 cm™!

Timing Stability <05ns

Energy Stability + 3%

o & Electron beam
b f
& 174 [
H \\’L (A N
% _
-~ 4
1’ - ; U/ ‘%5
® . _ Contitfuous | *
’ A 4
N - LY AN ( ) )‘
__ Special prism stages
RS~ T
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Jacqueline Yan, Univ of Tokyo, TIPRP20Q11

-- Piezo stage |Z & A Al {0

- [BIERRT— . prism stage

Emirror actuator

TEE—FDNBEES

E=IH3

Focus Lens

XandY
actuators

¥
T—» horizontal
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Requirements for
beam time conditions

Requirement / goals

BG energy suppress fluctuation

S/N 3-4 (>1 atleast)

Sig. Energy Should meet expectation  40- 50 GeV in laser wire peak
Sig. jitter < 20% better to be around 10%

Laser spot size 10—-15 pm now OK

Laser pointing <lum @ IP (<50 um @ other PSDs on optical tables)
stability

ICT [1079 e-/bunch] 6—7x 1079 /bunch , fluc < few% now OK



Expected performance and resolution

o, = i\/z ln(M] Fringe pitch d 266 nm 1.028 um  3.81 um 15.2 um
2 M
Lower limit 25 nm 80 nm 350 nm 1.2 um
T A
k, 2sin(@/2) —
Upper limit 100 nm 360 nm 1.4 um 6 um
Assuming ~ 4 % res.
+0 \ Resolution for each mode
37 + 1.4 (stat) (sys) [nm] =0 T 2 deg.
-2 s [ - 30 deg.
2 20 T
Resolution < 10% expected g [
for oy 25 nm ~6 pm 15
However....... 1°;_ J
* degraded for low S/N - B
~ 15% in Dec, 2010 T
10 10° 10° 10*

Beam Size [nm]



