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ATF/ATE2 Shirntake Monftor

ATF

« accelerate electron beam to 1.3 GeV

* normalized ye, = 2.8 X 10® m-rad achieved in the Damping Ring
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« focus the vertical beam size to 37 nm
« stabilize the vertical beam position in 2 nm resolution



Principle of Laser Interference AEREa Rk A THE

Beam Size Monitor (Shintake Monitor) Shintake Vonitor

Interferometer
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Components of Shintake Monitor Shinizke Monitor

Pulsed Laser for
Shintake Monitor Concrete Shield Block

L1

Interaction Point

Electron Beam b

I Shintake Monitor
Gamma-ray Detector Optical Table

Layout around ATF2 Interaction Point




Q-switched Nd:YAG Laser
(wave length:1064 nm)
PRO350 (SpectraPhysics)

Specifications

Wave length 532 nm
(second harmonics)

Line width <0.003 cm
Repetition rate 6.25 Hz
Pulse width 8 ns (FWHM)
Timing jitter < 1 ns (RMS)
Pulse energy 1.4 J/pulse

« To make smaller interference fringe, small wave length is needed.
second harmonics 532nm

« High power laser is needed to raise S/N ratio.
1.4J/pulse
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Picture of the vertical optical table installed

Laser path diagram (174 deg crossing angle) 2t ATE2 beam line
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Switch of Laser Crossing Angle  Shintake Monitor
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Issue of the Shintake Monitor
= measurable beam size
range is limited
(7 — 40 % of fringe pitch),
if the fringe pitch is fixed.
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By changing the laser crossing
angle, the measurable beam size
range can be enlarged. = Ehs
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Expected Beam Size Resolution Shintake Monitor

301 T 1 1 1M iiil T
25+ Simulation condition

E Statistical error of the Compton
20~ scattered photons

E (including background
15} subtraction): 10%

E Electron beam position jitter:
101 30 % of beam size

: Jitter of interference fringe
S phase: 400 mrad

: HIE R Jitter of laser pulse energy:
010 - I”‘iOO — I”1|000 — 6.8%

Beam Size [nm] 1 measurement time : 1 min.

€ Expected resolution (statistical

error) is evaluated by simulation 5
considering the probable error -m__

sources Fringe 266 nm  1.03pm  3.81um
< in 25 nm ~ 6 ym range pitch
. less than 12 % Minimum 25 nm 100 nm 360 nm

€ Systematic error also need to be _
evaluated. Maximum 100 nm 360 nm -



Detection of Compton Scattered Photons Shintake NMonitor

* Difficulty at ATF

— Background photons have higher energy than the signal photons
(Compton scattered photons).

= 10° — Compton photon ‘Slgnal
E= — Bremsstrahlung photon <& Compton scattered photons
S el b R <& Compton edge at 30 MeV
5 F n 1.3 GeV electron vs.
10° 532nm (2.3 eV) photons
P .| eBackground
= e . <Bremsstrahlung
o <Broad spectrum from 1.3 GeV
- H (energy of electron beam)
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Simulated Gamma-ray Energy Spectrum
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Gamma-ray Detector Shinake Mondor

[ Compton Signal | [Bremsstrahlung Background|

* Use multi-layerd calorimeter . Z: W e ¢ oo —
— Csl(TI), 4 thin layers + 1 bulk 3 % ﬁ;}f |
« Calculate the amount of Compton £osf ‘f';ﬁji;_
signal and the background using :Ej,“j &%
the difference of energy deposit N 01E N
on each layer. I%ner49y dsepolgr{ ratio on each layer
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Measurement Procedure Shintake Monitor

1. Adjust the laser pulse and the electron A
beam timing i, I \\

2. Scan the laser beam perpendicular to the { }”}‘HX I‘Lﬁ} ~
electron beam axis = wsb ] |

5 1.3 1.35
Laser Position [mm]

— Then move two laser beams to the

Compton signal peak position electron beam

3. Scan one laser beam in the electron beam
axis and scan the laser phase

~
Cd

laser cross-
— search the maximum interfering position scan direction <—> section
— The present beam size is obtained from this
maximum modulation depth |
. Move stage % \/\
4. Then repeat the beam tuning and the Piezo stage
beam size measurement |
Move fringeI 1l

50% Beam splitter
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Measurement Result Shintake Vonitor

Average 26.38 + 0.2881 ..
77| Modulation  0.3985 + 0.00941 Beam condition

Pha:se :‘::!.753 i§0.04174 ° BX* —~ 4 cm (Settlng)

\{ * B,*~ 1 mm (setting)
11| o~ 10um (measured)
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Example of the measurement
(measured on 25 Feb. 2010)



Systematic Error

Shintake Monitor

At the IP, another beam size monitor (wire scanner) is installed

— 10 um diameter tungsten wire

— resolution limit is 2.5 um

Compared the Shintake monitor and the wire scanner measurement results

— measurement was done by changing the final focusing magnet current

— Systematic difference was observed between two measurements

Correction of the systematic errors
will be explained in next talk

Vertical Beam Size [um]
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Summary and Near Future Plan  Shintake Monitor

* Succeeded in the measurement of several um beam size by using the
Shintake Monitor in ATF2

e Laser optics is ready for all measurement ranges.

e The current beam time will be continued until June
— Next beam time will be started in October
 Before the summer shutdown, aim to measure ~ 100 nm beam size

2010 2011
Schedule HHEEEREEEEEEEREEE
ATF Beam Operation | | |
Measurement of < Tum beam size ]
Measurement of ~ 100 nm beam size [ ] [ ]
Measurement of 37 nm beam size [ ]
Stabilization of 37 nm beam size ]
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Shintake Monitor

Backup



Adjustment of Laser Position Shfﬁeﬁgﬁgngﬁor

* To adjust the laser beam position to the electron beam
initially, screen monitors are used

* Check the laser beams and the electron beam image on the
screen

* Adjustment of several 10 um resolution is possible.

Acquire,
Dark R 0
Horizontal:10 mm
@ off . .

. laser hght image
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Title

500

Image of screen monitor
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Measurement of Horizontal Beam Size Shintake Vlonitor

* For the horizontal beam size
measurement, 2 types of
measurement are possible.

— Tungsten wire scanner
e uses 10 um diameter

e 2.5 um beam size measurement is possible
— Laser wire

* Designed laser width at the IP is ox =5 um

* Designed horizontal beam size at

the [P of ATF2 Laser Path for horizontal beam
o, = 2.8 um size measurement
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Calculation of Beam Size Shintake Vonitor

Change of Compton photon signal

N,
Ny (yo) = 70 {1 + cos 2k, 1o cos B exp [—Q(kygy)Zl}
N
M
yo - Position of e- beam
_ N, — N_ ‘ _ Amplitude
T INL+N_|  Average
X
Beam Size
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Interference fringe pitch
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Estimation of Yarerda@TheU.dTdyo
Shintake Monitor

Measurement Resolution
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Interaction of Electromagnetic VaTera@ e Ui o oo

Field and Electron ]

* Electromagnetic field in electron rest frame (with *)
* Electromagnetic field in laboratory frame (wo *)
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* y-factor : 2544 @ 1.3GeV electron
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Shintake Monitor for the ILC Shintake Monitor

* Modulation depth @ 5.7 nm ILC beam
— 89.6% with 157 nm F2 laser
— 92.9% with 193 nm Excimer laser
— 93.9% with 213 nm YAG 5t laser
In current error factors (ATF2), 17% resolution at M=90%

* Multi bunch operation

— Quick accumulation of statistics
* Improvement of resolution by a factor of 10 at 3940 bunches

— 1 train measurement — slow drift suppressed
— Need high-repetition laser
— Fast phase scan by a Pockels cell

* Systematic error is similar, 5% can be achieved
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Shintake monitor for the ILC (2) Shintake Monitor

* |nstallation at the Interaction Point in the beam
commissioning stage
— Assure 5.7 nm beam focusing
— Fast tuning without interaction

— Must be removed when installing the detectors
By push-pull structure??

* Installation to the second IP for a diagnostic monitor

— > 25 nm beam size measurements are much more realistic
using current scheme.



Experiment at ATF2

Experiment at ATF2 with 37 nm beam size can be the test for ILC 5.7 nm
beam size?

Vertical beam size is given as follows,

— py: B-function (determined by the strength of the focusing magnet)
— ¢&,,:normalized vertical emittance (determined by the performance of the damping
ring)
— y vy —factor of the accelerated beam
Therefore, if the same b and emittance will be obtained with the ILC
beam, 5.7 nm focusing is possible with the ATF2 beam optics

beamenergy 1.3GeV 250 GeV
v for electron 2544 4.89 X 10°
1/y 3.9%X10% 2.0x10°



