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- Frin e scan o e 174 Dafe.‘.201.3 0308
l Recent Beamtime Status (174 deg mode)l _g - Time: 22:27:15

Stable IPBSM performance in beam tuning
reiteration of linear /nonlinear knobs in aim of small oy

preliminary
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At . 114683 mizauy: 04200  Modulation: 0.385 +/-0.025
2013 /03 /1 4 ot Nl SLINGT MITECY: R 010¢ Beam Size:  58.4 + 2.0 nm
after IP-BSM roll alignment Mwlg‘;tm" 174 deg
after IP-BSM pitch alignment oua |  "scanl74_130314_155050,dat” u 9:2:3 —o— _
M ~ 0.306 * 0.043 (RMS) 0.4 F .
correspond to oy ~ 65 nm €S>0, | ] $ 3 ] I -
n 4 Best d 0,3 F .:}::- {} ‘:]} .
£ est recor 0.25 b ] } |
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@ Preliminary 0.2 o -
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Date: 2013 06 20

: Fringe scan === 30 ate: 2013 0
Studies@30 deg (2-8 deg) mode . _g Time: 22:13:18
IPBSM phase drift study 3 ] : !

Cherenkov

Dedicated data for IPBSM error study
« HandV relative position jitter
 slow drifts (see next page and Okugi-san ‘s slides)

Study of wake-field effects
Ex) intensity dependence /ref cavity & bellows scan

e consistency between Cherenkov and Csl results
Cherenkov S/N ~ 15, Csl S/N~ 3

-
lllllllll

L]
10 15 20 25 30
Phase [rad)

h,gh M at 30 deg Fit results: Av'(1.0+M"cos(x+Ph))
Modulation: 0.783 +/- 0.035
Beam Size: 73.3+ 150 -18.0nm

Average:  1.404 +/- 0.045
Phase: -2.364 +/- 0.051
Chi2indl:  1.0183e+02/ 102

ICT: 4.5-5.5E9/ bunch 6/20 -21

. 1 i " *Be}lows130620_2.dat" u 1:2:3 —i—
phasedrift3E9 scan 28t¢2013962 Demf)_nstratlon of | ; }M g T3 |
Stability: I ]
| 1 Consistency scan | % H i )
‘ - -
(% 26) S I
c + 1 - [
< = I : 3
§07 fitted M I RS
el 3 |
3 = 0.655 +/-0.010 | Cherenkov : green | 1
S ICT: 2.5-3.5E9 Csl :red 1
0.6 69 s E——————
.. -4 -3 -2 -1 0 i 2 3 - 5
preliminary T S—— preliminary
Data file:
08—l ! phasedrift3E9_fringe_130620_23493. 4
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Phase Drift (initial phase vs time)

¢ "phasedrift130613_6.dat" u 4:3
y= 0,093%x~1,043
ir he'w 4 <
+
2} +’ _ j|
§. 1} 7 +++ J
ff of + _,../-"*"+++ ]
E 1t %4 +
Ar 6 deg (6/14: 1:00 am) 1
| drift ~93 mrad / min
(73 nm / min at IP)’
= 5 1 15 » % 3 5
tine [min)

initial phase [rad]

40

26 consecutive scans over 1 hr @ 30 deg (6/21)

generally stable overall :
init. phase = 2.01 +/- 0.05 rad (~ 2.5%)

"phasedrift_30_130620-1,dat” u 4:2:3 ~—t—

Drift varies for different periods

stable

"scanl74_130308_222936 . dat" u 103728 —o—

fx)

final set of scans on 3/8@174 deg

0

5

10 15 20 25

time [min]

30

Cherenkov

3k phase = 2,011 +/- 0,053 - -
typical J[
T 2.5 4
2 } }
8 b } )
-g. 2 } . | -I-
3 T T
z i
15T 33 mrad / min 1
(5.5 nm / min @IP)
0 10 20 30 4 50 80
time [min]
Fringe scan === 30 Time: 9052585
I v
-  long range scans
44— 3
: ! i o: o2 K] 0: s .
Cd 0 B He o WEow ol g
21—
ol L 2= L g 3L, 187 ) i-n 1 : P P & 4 s %7 1 4 =3% 7T
10 20 30 40 50 60 70
Phase [rad]

Dataset: base130621_005252.binary

. Event selection .
ATF2 Topical Meeting point/step: 10 Data: Cherenkov

Fit results: Av*(1.0+M"cos(x+Ph))

Modulation: 0.697 +/- 0.016
Beam Size: 107.8+ 55 -5.7nm



Signal Fluctuation

Spring, 2013: 174 deg mode

contribution to Sig Jitter AE

sig / Esig, avg

Laser timing offline veto for

6-7 % (PIN-PD signal)

timing, power
Laser power

<15 % (photo-diode)

Relative beam —laser position

under investigation

S ——

BG flue

detector energy resolution

Maybe few % from each of
Ay and Ax

<10%

* Intrinsic Csl detector
energy resolution

<1%

Comp v stat.

~3 % . ,
measured Comp sig energy normalized

ICT monitor accuracy

by beam intensity

<5%

varies with b%am condition and S/N

signal jitter derived directly from actual fringe
scans (peaks) : typically ~25%

Energy deposit

Relative timing cut
(beam - laser)
e.g. 1-sigma

35885 EEEEEY

Comp Signal

.'5521 Jitter. . :

Pty 15[
g of Jitter (RMS)
: : r ~13ns

5

Entrles 571
Mean 4158
RMS  1.358

_l 1 I L L L 1
=34 35

.'3:3; BGEjjtter

I 1 l45 11 1
relatie timing [ns])

50




Phase Jitter / Relative Position Jitter

*hard to separate from other fluctuation sources _—7
(laser pointing jitters, drifts, ect....)
*Vary over time - ¢ .

—  Can’t push all fluctuation to phase jitters

take high statistics scans (Nav ~ 100) under optimized conditions for dedicated analysis

. —y+A .
Issue 1: Ay €<-> M reduction d : Y 2y ) if Ay < 0.3 * oy
o, =0, +(Ay (ATF2 beamline design)
residual M reduction factors must be assessed ) : ( ) CAy > 90 % for oy* =65 nm

in order to derive the true beamsize !!!

Cy = exp(—Z(kyAy)z) k, = 2THSin(g)

Issue 2 : fluctuation source during fringe scan

If Ax ~2.5um cause ~ 4 % signal jitters (assume Gaussian profile o, = 10 um)
21 ndf 32.66/6

error C 0.3686 = 0.01541
BG fluc 0.1605 = 0.0072

e
o

. a Date: 2013 05 19
Laser Wire w30 . Upper Time:23:52:39

. . ngm n :fi tted ener gy rel pos jitter 6.979¢e-11+ 0.000466
derive horizontal rel position jitter Ax [ jitters with
using high statistic laserwire scan “Fcontributions

| - from statistics,

“timing, BG,

ON jitter / ICT [GeV/E9]
(=]
(3]

Laéer 1-4§
|

| >

Q

=

Q

[

X

: i . . | 0.3
1000 - :
1 ' 1

Illllllllll

8.2 8.205 8.21 0.2 prelimina
M30UX position [mm]
Focal lens: F30U 0.00 Fit results: A’exp(-0.5%(x-c)*2/s"2) + P | | | | | oy
. fo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
e%%}{ 2.7.@& T o e 017352 8.202 8.204 8.206 8.208 8.21

,n,.':,';,,;pc‘;,,gf,,,: 0.05 <1< 0.50 come: 000190 o~ 00one P TF2 Topical Meeting laser actuator position [mm)




How to evaluate M reduction? degraded fringe contrast due to bias

J‘"’Imt:as S C C ........ Af-;'d(-a{ = (HC;) A’-{z’dr:al

o2 v |
Ty.ideal + 52 zkg 'Zln(’

priorities

15t : suppress M reduction —> aim for Ctotal ~ 1

Goo8 Poor over-
' —> conizast contrast evaluate
—_— ll ay
ore - ‘ M
+ M large " under-evaluated

2"d: precisely evaluate any residual errors - derive the “true beam size”

(1) “Direct Method” compare M measured at different modes under same beam conditions

- observe upper limit on M

Goals: 1) Obtain “overall” M reduction

(2) investigate a certain “unknown factor” :

however ,we must first .......
7 clear up all other factors !

7/ Prove these factors are & mode independent

(2) “Indirect Method”

meas

only apply to a particular data

represents the typical conditions of a particular period

lg&yg?ver ...... hard to derive overall M reduction (only “worst limit “ ) ?? 8
ATF2 Topical Meeting

(e.g. rel pos jitter, spatial coherence)

evaluate each individual factor offline and “sum up”



W typical conditions of a particular period

Error source M reduction factor Spring 2013, 174 deg

Fringe tilt (z, t) Beamtime—> optimization by “tilt scan”  Major bias if unattended to

alignment precision is important

Cleared up through measurements

Laser polarization Optimized to “S state” using A /2 plate of laser polarization and half
mirror reflective properties

Still quantitatively uncertain Could be major bias

Relative position jitter main theme of today’s talk !!

Phase drift under investigation drift : typically 30 - 70 mrad / min
Spatial coherence under investigation, monitor by CCD (??)

Minor factors
v' profile imbalance : negligible after focal lens scanned well
v power imbalance:  power measured directly for each path

v’ Laser path alignment: Resolution of mirror actuators aligning laser to beam

13/07/08 . , 9
ATF2 Topical Meeting




Deriving Relative Position Jitter Ay

(phase Jitter Ad)

Test validity of method
using simulation

T Ffri & et 2517118 (1) generate fringe scan
s [ fringe scan M 02198+ 0.003124 : ) P . .
8, ,] init. phase -0.0005§73+ 0.01936 Aim for “realistic” ATF-like assumptions
ot €.g. nominal o, =70 nm, 174 deg
§ 11 S/IN =5, BG fluc = 20%, ICT = 1E9/bunch
€ F timing jitter, power jitter , ect.....
i
[ E=E,, -{1+M-cos(2kyy+q00)}
0.9
N - y—=y = Ay
=TI ENE v e by bev g b aaa M AT AR
I A VR O -{1 +M - cos(2k, (y +(Random- > Gaus(0,Ay)) + (po)}
fix M fram fringe scan to jitter p/ot
3T W o o (2) obtain Ay from fitting
§).18— 'ntphase -0.0005573+ 0
S F i ‘ pOseRece oaras / Model
:a).16 :_ ls:laear .Ll X V1 2 2
3 : Ehasejltter 0?;2:1235;?;/ AE = OtOt = \/OV + O oS
e | E/ " p
s X %
<0.12
0.13— opos:
- horizontal
0.08_— . o ..tt r
- vertical jitter jitte
e S I P DTS N P T R B B fromAY(A(P)
0 2 4 6 8 10 12 14 16 2)2358 2[ng \/_
= Cco nst @ Cstat @ Clmear

Plotsignal jitter vs phase

10
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Deriving Ay (Ad): Test of Method using Simulation

extracted rel pos jitter [nm]

30

oy

0,27

0,26 F

0,25 F

0,24

0,23 F

0,22 F

0,21 F

0.2

Fitted M Rt
=
F + %
£
+
M X +
reduction N
from Ay
o Ay inputs
0 5 10 15 20 25

input rel pos jitter [nm]

extracted Ay agree with input
within errors

exact ~:%——~
=0,88%x+1,57 7
.| extracted L
ideal
20 b .
20% * oy 35%*
15 F i o
10% * oy T assumenr;rminal
10 F EL (Ty =70 n
gk ] -
if first 5 seeds
various Ay inputs ---2>
0 A i A i A

10 12 14 16 18

20 22 24

input rel pos jitter [nm]

nnnnn

also observed effect of input vertical jitters

> light jitter (~10%), S/IN =5
> heavy jitter (~ 20%) , SIN=2

signal jitters disturb precision in Ay

extraction (i.e. large errors)

26

extracted rel pos jitter [rm]

less vulnerable for large statistics /

(ezgoNav = 100)

Compare Nav =100 and Nav =10

25 F

20 F

15

éxact,Nav=i0 ]

10

5 ¢

-1

ATF2 Topical Meeting

Nav=10 e
Nav =100
T ]
test with 14 nm Ay input
0 1 2 3 4 11

first 5 seeds

seed no,

30



Z

ote:

* errors are only from fitting (we may
have other systematic effects

* Not enough (large Nav) data yet for

drawing any conclusions

Deriving Ay (Ad) : apply to actual data

very preliminary attempts !!

Nav = 100, 30 deg, 5/19

%2 I ndf 1517/ 17
—_ _ M 0.689 + 0
a . F O et 0.3478+ 0.3503 | Graph | =2 1 nat 1435118
il = } C_sqrt 0.1949 + 0.729 =
e .aE- C_linear 0.1403+ 0.1309 = E
o — phase jitter 0.434 + 0.09698 o, E
% E 4/’% i3
= 12 s 5
i fix M from -
08E fringe scan
oo to jitterplot . L B
0.4:—‘ L L o o "' L 10 15 20 25 phm:u;ndl
" - - ~  ewmwma Fitted 0, : 141.3 *#9_ o nm
Ay =71.0 +/-15.9 nm preliminary yo aer
Corrected o, : 122.2 *+102_ nm
Ap =434 .0 +/-97.0 mrad y 101
*Z I ndf 10.41 117
M reduction due to Ay @ 74 deg, 3/8 :':n phase 2082: o
about 85 — 95% (?) /g, T o
no Nav = 100 data s 18 hasejiter | - 054nt 04Tr4
available for 174 deg ‘:% 16
% 14
1.2
Fitted o, : 64.9 *27_, .nm .
Corrected o, : 60.6 “2%_,; nm 08
Ay =23.2+/-9.6 nm 0
A =549.0 +-177.4 mrad o

30
13/07/08 prelimingry  Phaselrad] py
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Deriving Ay (Ad): Current Status

possibly valid model for deriving Ay (Ad) (???)
BUT !Illl be aware of limitations on reliability

When applied to actual data.......
 Slow drifts, other large jitters,
* conditions always changing

* how realistic were assumptions in test simulation ??

Proposal / Plan

how to apply this method reliably ??
resolve slow drifts (laser & e beam) and large jitters

take large Nav data occasionally under appropriate conditions
e further development of method

* 13optimize data taking scheme E
ATF2 Topical Meeting



IPBSM laser optics is designed
laser polarization related issue are cleared up  for pure linear S polarization

Power
. inetgr

Set-up

S: reflected ~
A2 platé ) |

ref lected pover (W]

144 A ¥ L)

L) L) ) ) L) ) ' A
“polarizationl30S07 _1 dat” u 1:7:(87%0,01) —6— \
D ———

1.2 } P = 1.117%(0,5+0,486%c0s(4%x ) +0,007*5in(4%x) ) . \ 3] '
o P:
b * R % v transmitted Q \ |

1} 3 4 > 4 1 High intensity \'/
/ polarizing beam splitter

'T'.B d R
och ® ¢ ¢ ¢ - ‘ polarization measurement
|~ Just after injection onto vertical table
O r | / * very close to linearly S polarization
aol | 7 v " ' | ¢ very little polarization related M reduction
ot 5> | 1 “P contamination™ P, /P = (1.46% 0.06) %
90 deg cycle N 2 plate setting
0,2 L A L A 4 A A power ratio
0 50 100 150 200 250 00 50 400
13/07/08 half lambda plate angle [deg)
A
even more precise evaluation planned also measured reflective
in autumn (hardware prepared) properties of “half mirror” half mirror
individual measurements for upper Rs =50.3 %, Rp=20.1%
and lower paths near IP Match catalog specifications !!

ATF2 Topical Meeting



investigate power balance: U vs L path

laser polarization -
. power [W]

and power balance 0 B 05— . .

| “poueri74U_130415,dat" b 1:7:8
. "powerl74l_130415,dat" iu 1:7:8 —o— |
Rotate M2 plate and |
measure high power upper l |
Immediately in front of final I |
focus lenses . 1 |
S 4
P | ® |
0.4 F i | & I
During Beamtime 02| | l |
y « . ower ' 180 d
A/2 plate scan “ to maximize M o1 L 90 deg , eg
42 | ndf 1471749 0 50 100 150 200
< ::r;\plitude 0.18926:9;*0603:::; half lambda plate angle [deg]
E init. phase -0.1564 + 0.01167
3 Av 0.3764 + 0.002872 “ .
8 ’ S peaks” (maximum M)

also yield best power balance
> Minimize M reduction

2R, /P,
" 1+P, /P,

M reduction factor due to
power imbalance

| <—> 45 deg between S aqd P

0 20 40‘ 60 80 100 120 140 160 180 200 220
half lambda plate angle [deg]

13/07/08 Rotate A/2 plate angle 1o
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Fringe Tilt

Mismatch in axis between
fringe and beam

Laser Interference Fringe

‘m.
longitudinal

verical
l_‘ longirudinal

laser path observed on lens:
Focal precision ~ 0.5 mm (few mrad)

issues:
* Position drifts

* e beam rotation in transv

Current method : “tilt scan”
fringe pitch / roll adjustment:
Ciit © 70-80% if uncorrected

directly use e beam as

e- beam direction

reference for tilt adjustment

|

: I
Important .
adjustment to __ex fringe pitch | |

'] : 0.4 =
eliminate M ossl M 0.07 2 0.32 |
reduction 03l " - I

c 025} . ~N
3 ozf y I
g " .
Mirrors for )5'/7 |
adjusting tilt 01} ’ y M174LY
0.05} (8.9 mm >9.01 mm |
0 i A i i i i i L i A
89 892 894 896 898 9 | 9.02 9.04 1906 9.08 9.1

o t||t1lgy Okugi-san

ATF2 Topical Meeting M174LY



Summary Shintake Monitor (IPBSM)

as an indispensible device for achieving ATF2 ‘s Goals

< Status >
** contribute with stable operation to continuous beam size tuning

/7

% Consistent measurement of M ~ 0.3 (174 ° mode)  at low beam intensity
correspond to o, ~ 65 nm (assuming no M reduction)

< dedicated studies of e beam and IPBSM errors >

/7

%* Clearing up of residual M reduction factors

/7

** First attempts at evaluation of relative position jitter

Goals

€ Maintain / improve beamtime performance : e.g. stability, precision
€ continue to assess residual systematic errors. Especially focus on Ay
- derive the “true beam size”

€ aim for stable measurements of oy <50 nm within this run
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very preliminary examples

M reduction due to Ay about 85 — 95%

Deriving Ay (Ad): apply to actual data

Data A ¢ [mrad]l / Ay [nm] C_Ay
130519_233909 434.0 £97.0 / 71.0%=15.9 (91£9) %
30 deg, Nav = 99

130621_001022 409.2+109.0 / 66.9 *17.8 (92£6) %
30 deg, Nav =5

130308_222715 549.0177.4 |/ 23.2 £9.6 (86t14) %
174 deg, Nav = 10

130314_155050 267.8 =345.5 / 11.3 *=£15.0 82 — 100 %
174 deg, Nav = 10

possibly valid model for deriving Ay (Ad) (??7?)
how to apply this method reliably ??

resolve slow drifts (laser & e beam)

BUT !l be aware of limitations on reliability and large jitters

When applied to actual data....... take large Nav data occasionally
«  Slow drifts, other large jitters, under appropriate conditions
e  conditions always changing * further development of method
* how realistic were assumptions in test * optimize data taking scheme
simulation ?? 9
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Crossing 174° 30° 8° 2°

angle 0 Expected Performance
Fringe pitch |266 nm 1.03pm 3.81um 15.2 um
gor__ 4 Measures
k, 2smn(0/2) oy* = 20 nm ~few uym
Lower limit 20nm  80nm  350nm 1.2 um with < 10% resolution
Upper limit 110nm 400nm 14pum 6 um o =L bn cos(6))
2w M
dMm = 1 = S S 2deg. mode
o, an oy - 4deg. mode
for each 6 mode Q = 8deg. mode
S 0.8 N SRR WS W S W —30deg. mode
= [ ' % —174deg. mode
select appropriate mode 3060 o\ N
according to beam focusing =2 |

=)
B
l

o
N
|

0 Ii 1 1 1 1 | I | Ii | - II h 1 L] 1 | I . |
10 10° 103 10*
13/07/08 ATF2 Topical Meeting Beam Size [nm 0



Laser interference scheme

phase scan by opticalde lay

AY

Wave number vector of two laser paths

—

k1 = (kcos ¢, ksing,0) = (kg, ky, 0)

—

ko = (k cos ¢, —ksin ¢, 0)

S-polarized laser

N
\
\
v )°
/o
/
%

gl = B(sin ¢, — cos ¢, 0) cos(wt — ]51 E— =)

o

2

B, = B(—sin¢, — cos ¢, 0) cos(wt — ky - & + %)

B

1

Time averages magnetic field causes inverse Compton scattering

< B* + Bz >= B?*(1 + cosfcos (2k,y + ))

— —

phase shift at IP €2 «

"wave number component along y-axis 2k, =2k sin ¢

*modulation depends on cos6

ATF2 Topical Meeting

By +
sin ¢ sin(wt — k) sin(kyy + 5)
= 2B | — cos ¢ cos(wt — kzx) COS(kyy + %)

0

Fringe pitch
T A
= d= k_y B 2 sin @21



Calculation of beam size

Total signal energy measured by y-detector

S _ n<E - Laser magnetic field : Sine curve
Convolution of .gjectron beam profile : Gaussian
Electron Beam profile with beam size o, along y-direction

Laser magnetic field

1 —y/2
Soc/dy’<B§+B2>| exp( )
z A /27r032/ 205 — -
I 2 1 _9/2
= [ dy'B*(1 + cos 0 cos (2kyy + «)) exp ( 5 )
2’/7'0'2 20'y Sm a”beam SiZB Large beam Size
S = Save(1 + cos((2kyy) + ) cos O exp(—2(ky0,)?))
Signalenergy [a.u.] Sm allbeam

A Large beam

S, : Max / Min of Signal energy

S—}— — Scwe(l + | COSH| eXP<_2(kyay)2))
S_ = Supe(l —|cosf| exp(—?(kyay)Q)) S

b éﬂ pha‘:e [rad]
M : M%dula§10n depth 1 | cos 0|

]\{/07/085 ea |cos€|exp( 2(kyoy)?) ‘ oy = % 2 In( Mzz)

ATF2 Topical Meeting



2f sinB/2

lens Transverse plane

2f 5inB/2

Ax with tilt

Transverse plane
tan 8¢ = Ax / 2f 5inB/2 ’

ATF2 Topical Meeting

13/07/08




Phase control by optical delay line

Optical delay line (~10 cm)
Controlled by piezo stage

A stage

piezo

\ stage

laser beam

Phase shift

Movement by piezo stage : A Astage

stage Ao = 271

13/07/08 )\ 24
ATF2 Topical Meeting




Other studies using IPBSM

B int it Date: 2013 05 19 in high B regic beam intensity
eam intensity scan Dade: 201000 1 . 0.6 l 5E9 / bunch
wakefield
(ex: 30 deg mode) studies S T
0.6 s
E
EM r
= '
S
k- i
204 *
)
= 0.2 1
1 | 1
0 2 4
MREF3FF
0.2 N . :
3500 "BGmtenmtngOSlSi.ﬁgat" u 2:5:6 —+—
L ; é BG | ] =852+ ICT+12
Intensit eve "BGintensityl30518.dat" u 2:31ds—e—
FRRREREY. 00 - BG= 554*IET+22§ y
Check linearity of BG levels in IPBSM detector 3 5, \ 1
—>Observe “steepness” of intensity dependence # %
. . 2000 | ¥ .
compare with other periods to test effects of 8 :
orbit tuning and / or hardware improvement for = 1500 \ 3F il
wake suppression 5 " X
z 1000 F 2% -
& z
others: 500 4 i
*Test various linear / nonlinear tuning knobs 0 . . . . .
0 1 2 3 4 5 95 B

* IPBSM/Systematic error studies

“Reference MREF3FF scan
Cavity scan”

Date: 2013 04 25
Time: 12:40:07

(ex: 30 deg mode)

ATF2 Topical Meeting

beam intensity [E9/bunch]



IPBSM phase drift study

6/20-21

by plotting initial phase of the last Bellows y pos scan
(ICT :1.5-2.5E9/bunch)

slight drift about 25 +/- 5 mrad ¢ " “phasedrift_30_130620,dat" u 4:2:3 ——
-> convertto 3.3-5.0 nm/ min atIP y= 0,025"x-1.818
-0.5
? H
s f
2 : 1 -
= T }- { I 1 '
E —1 5 — } } } |
e
E b }
. I
s
_2.5 A A A A i i A A A
0 5 10 15 20 25 30 35 40

time [min]

13/07/08
ATF2 Topical Meeting
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E(p,Ap)=E,, (1+M cos(p+Ap+q,))

P80 o e"p( Aq)z)

%=fE((p,A(p) -P(Aq))dA(p

1 A’
- mEavgfexp(—r‘z)(l +M cos(p+Ap+@,))JdAp=E,,

@ ¢

E(p)

= E?

avg

1+2M cos(p + (;oo)exp(

0 (9)= (o) ~(E(9))

= [E(@.Ap) - P(Ag)dAg

2

1+ M cos(g +(;00)exp(

‘72¢ ) + %MZ [1 + 008(29‘0)67413(‘20; )])

-1 1= 2005 - xp(-0 rcos(a)enol 20

if o, 1s small:

0, (@)= Eang\/O'; sin’ @+ 0, (%cos2 @- 1) ..........
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fdtlexp -

o0

lasert

(A_E) i 270?, 207, e ~1(%)2
timing

E f dto(1)P,,,, (?) B o’+o’, 2\o

relative timing: t=t¢

= Ybeam — tlaser

2

laser temporal profile: P, (#)=F, exp(— !

Sy ) (laser pulse width: 0,=34 ns)
Gt
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