Emittance Measurement using a Laser-wire
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Draft 1 VERY PRELIMINARY
1. Executive Summary

To be written.
2. Introduction
The measured beam profile 
[image: image85.wmf] is given by:
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Where 

· 
[image: image3.wmf]l
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 is the laser spot waist-size and 
[image: image4.wmf]p
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 is the laser rms laser pointing jitter.
· D is the dispersion and 
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is the energy spread.
· 
[image: image6.wmf]j
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 is the electron bunch-to-bunch transverse jitter.
· 
[image: image7.wmf]t
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 is any systematic shift of electron position across a train consisting of 
[image: image8.wmf]t

N

 bunches.
· 
[image: image9.wmf]m
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 is the number of bunches used to make a single laser-wire scan.
· 
[image: image10.wmf]b

 is the beta-function and
[image: image11.wmf]e

 is the emittance.
3. Sources of Error
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(2)
The following errors will thus need to be added in quadruature:
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· 
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; What is the level of uncertainty in the effective beta-function shot by shot (beta-beating etc.)?  I assume 1% here, arbitrarily.
· 
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; this will be an output of this discussion.
· 
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; The precision to which the laser waist can be determined
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is currently the subject of R&D at PETRA and ATF.  Informal input from J. Frisch estimates this error term at about 10%.  So this error becomes 
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· 
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.   Source: A recent survey of commercial lasers by T. Kamps for the PETRA laser-wire came up with a typical quoted pointing stability spec. of  <50μrad.  Assuming a LW lens of focal length about 2 cm, this pointing instability corresponds to 
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1 μm.  How well the pointing stability can be measured is the subject of R&D at ATF and PETRA; presumably it will use similar the same CCD scheme as used to measure the waist; so a 10% value is assumed here.  So this error becomes 
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 The BPMs in the BDS should provide a bunch-by-bunch measurement to 0.1
[image: image28.wmf]e
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(source: M.Ross table), the BPM readings can be subtracted from each laser-wire shot, leaving a residual error of this magnitude.   So this error becomes
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· 
[image: image30.wmf]6
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: The emittance measurement is in a point of low dispersion, so the D-term is considered negligible here; this should be checked for the specific laser-wire location.  
· 
[image: image31.wmf]7
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:  The 
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 term can be kept small by keeping 
[image: image33.wmf]m
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small compared to a bunch train; less than about 300 (10% of a train), say.  This should be possible provided scanning at a rate of at least 10 kHz can be obtained. 
So the last two error terms are neglected in the following (but should be checked).

The errors required to understand the laser-wire measurement are included in Tab.2:
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	0.01
	Output

requirement
	0.1
	1 μm, 0.1
	?, 0.1
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Table 2: Errors assumed for various measurements that input to the laser-wire scan.
Putting all these errors together while defining 
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(3)
Assuming a vertical emittance 
[image: image46.wmf]e

 of approximately 4(10-14 m rad and assuming that the beam jitter 
[image: image47.wmf]j
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 can be kept to within the BPM resolution of 0.1
[image: image48.wmf]e
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, this formula becomes:
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where 
[image: image50.wmf]l
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 is in microns and
[image: image51.wmf]b

 is in m.  For f/1 optics, 
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; inputting this value for the laser spotsize into Eq.3 and demanding a 5% error on the emittance leads to a relation between 
[image: image53.wmf]m
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and
[image: image54.wmf]b

 as shown in Fig.1

[image: image55]
Fig 1.  β-function vs required statistical error on the laser-wire scan using the assumptions listed in Tab.2.  The red line corresponds to a 1 μm electron vertical spot-size.
This simple analysis (and all the terms need to be checked!) indicates that both a 1% statistical accuracy is required for the laser-wire raw profile scan (discussed in Sec.4) and frequency-tripled YAG is needed, if 1 μm electron spots are to be measured. This will yield only a 5% measurement of the emittance.  If a better measurement is required, then the other error terms in Tab.2 need to be reduced.
4. Statistical Errors
The raw laser-wire scan yields
[image: image56.wmf]m

s

 from a Gaussian fit and the statistical error of this fit is determined by the laser-power and Compton cross section.  The individual number 
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of Compton events for a laser power P,
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 electrons per bunch and a relative displacement 
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 between laser and electron bunches, is given by:
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[image: image61]
Fig. 2. A 5-point (
[image: image62.wmf]5
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) Gaussian gives a statistical error of 1% on the sigma when the peak signal is 2900. 

A simple 5-point fit to a Gaussian, as shown in Fig. 2, gives a 1% error on 
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 when the are 2900 entries in the central bin.  Inserting this number into Eq.3 allows a simple parameterisation; for an error of 
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% on 
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 we have:
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where 
[image: image67.wmf]h

is the efficiency for detecting the Compton event (either photons, or electrons, or both).  The Compton cross section decreases as with the beam energy; for a beam energy E and laser photon energy k, the Compton cross-section is given by:
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where 
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(6)
For the lasers of typical interest at the ILC:
	
	λ=1064 nm
	λ=532 nm
	λ=355 nm 
	λ=266 nm

	E=250 GeV
	0.41
	0.30
	0.24
	0.20

	E=500 GeV
	0.30
	0.20
	0.16
	0.13


Tab 1. Values of 
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 for various laser wavelengths and ILC beam energies.
In the following we take the “worst case” scenario of the smallest laser wavelength and highest electron beam energy, which introduces the factor 0.13 into Eq.3.  Putting these factors together gives
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(7)
Re-arranging Eq.(6) yields a relationship between the key laser parameters:
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where 

· 
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 is in μm and is given by Eq. 1.
· 
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 is in per-cent
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· 
[image: image79.wmf]l

is in units of 266 nm.

· 
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 is the number of laser shots per laser-wire scan; 
[image: image81.wmf]m

N

=5 in Fig.1.

· 
[image: image82.wmf]h

is the efficiency for detecting a single Compton event 0<
[image: image83.wmf]h

<1.

Future work:

· 
[image: image84.wmf]h

will be determined for the ILC BDS, both with and without a chicane separately for photons and electrons.  Timescale – few weeks.  Detection efficiency will also be folded in.

· More detailed estimates of the input errors need to be performed and the limiting factor (currently limiting the accuracy to 5% on the emittance) needs to be quantified and reduced where possible.
· Laser-power at the laser need to be defined – this must include efficiency of laser transport and frequency multiplication.   The former could be 50% (?) and the latter 20% for tripled light (?); so an extra factor of 10 needs to be folded in to the required source laser power.
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