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Synchrotron Radiation (SR) profile monitors for LHC

At the time of the Emittance workshop in July 2000:

the main profile monitor was the SR monitor of the D2 bending magnet in IR5 able to work from 2 TeV to 7 TeV, best at collision optics, supplemented from 450 GeV to 2 TeV by three candidates: a Wiggler SR monitor, an Ionisation Profile Monitor and a Luminescence monitor, all in IR4. 

In Summer 2001, the Layout version 6.4 introduced a change of the IR4 layout where we can now combine an Undulator with the D3 bending magnet which makes it possible to use this monitor from 450 GeV to 7 TeV by taking first the light generated by the Undulator and later in the ramp the light generated in the same direction by the edge of D3. 

We consider now this monitor as the main profile monitor, supplemented by: 

· the IR5 D2 SR monitor, if the performance in collision optics at 7 TeV has to be maximised, 

· the gas monitors in IP4 for redundancy in proton mode and for ions.

 “SC Undulator In D3” profile monitor in IR4
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Undulator: main characteristics

An Undulator:

· is a periodic magnetic structure  - + - +  with N periods 

· has a principal direction along its axis

· concentrates the SR in a forward cone around this direction through interference

· emits SR with an angular spectral energy distribution proportional to     B2 N [sin k N/kN]2
· emits wavelengths which are a function of beam energy, undulator period and angle wrt ppal direction
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 IR4 Undulator SR monitor performance (1)

 We have chosen an undulator with 2 periods of  28 cm to generate a maximum of SR at 450 GeV and enough on the ramp until D3 takes over around 2 TeV.



















450 GeV
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28cm period Undulator SR characteristics
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IR4  D3/Undulator SR Monitor performance (2)

[image: image12.wmf]The monitor taking the light from the Undulator and from the D3 edge is sensitive to the positions of the two light sources.

Two effects can be seen:

· an effect on the size of the image of the beam core

· optics generated tails
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To minimise both effects, the source separation has to be kept below ~1 m. 

Undulator in D3: main issues

The undulator will have a field of ~ 6 T and will introduce a 0.1mm orbit wiggle in the worst case.

It has to be powered with 200A.

The D3s are manufactured by BNL.

We propose to locate the Undulator as close as possible to D3 to minimise the negative side effects.

Due to this, the Undulator has to be incorporated into the cryostat of D3, which will be an activity under the responsibility of CERN.

There are in fact two solutions:

· The minimal one is to integrate the Undulator into the D3 cryostat, before the D3 cold mass. In this case, a study has shown that the perturbations to the cold mass of D3 are negligible, which minimises the intervention of BNL, while the separation can be kept around 80cm

· The other solution would be to integrate the Undulator into the cold mass of D3, which would further decrease the separation but needs more effort from BNL.

Both solutions are being discussed by the LHC project management with BNL.

Vacuum Chamber 

At the exit of D3 and up to the extraction mirror, the vacuum chamber will be an off-axis cylinder with a diameter increased to 90mm to transmit the SR. There will be tapered transitions at both ends to minimise the vacuum chamber impedance due to this change in cross-section.

The light will be intercepted horizontally by a movable mirror and brought out vertically through a vacuum window to the SR telescope.
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SR Telescope

The optical characteristics of the monitor are similar to those of the LEP monitors, so it is proposed to adapt the LEP telescope BEUV to the LHC requirements. (There are still 2 LEP telescopes available!).

The telescope is built on a 3.2m optical bench housed inside a 4m stainless steel tube.

The main changes will consist in replacing the small Be extraction mirror by a 50 x 50 mm2 mirror and the deformable first folding mirror by a normal mirror.

The movable camera can be replaced by available CCD/Intensifier or rotating Multi-anode PM set‑ups to do single turn/single bunch and time integrated imaging.

If an additional magnification is asked for at 7 TeV, it can be made available.

Tails can be measured with the “corona” technique developped in LEP.
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Detectors and Signal Processing

In IP4 where the radiation level should be small (<10 Gy/Y), CCDs can be used.

MCP intensifiers can provide: 

· the high sensitivity needed for single turn measurements down to pilot pulse intensity

· the pulsed operation for bunch-by-bunch and turn-by-turn measurements.

Technology available today in BI can provide: 

· light intensity gains up to 104
· 2‑Dimensional profile measurements up to 14 turns of a given bunch at a repetition rate up to 11kHz 

· projections at 40MHz rate with a 32-anode PM

· tail measurements down to 10-3 at least on time integrated (20ms or more) signals
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 Cross calibration and Alignment set-up

The reference device for profile measurements is the Wire Scanner.

The Wire Scanner is limited in intensity, but as the SR monitor is not intensity dependent in the LHC SR power range, there is no problem to check the monitor calibration at low intensity.

From LEP we have learned that the Wire Scanner has to be closest to the device to calibrate to avoid any error from transporting the beam size from one monitor to the other because of  beating.

For that reason the wire scanner will be located at the exit of D3.

For precision alignment and future maintenance and modifications, it is important to provide a specific alignment tool, in order to provide an alignment precision better than 0.1 mrad. 

This will be done with no beam in LHC with a laser beam aimed at a distance of ~10m at the input hole (±1mm) of a precision folding mirror set-up which is located on the SR beam path and sends the light to the extraction mirror. These tanks are available from LEP where they have proven their usefulness.
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IP5 D2 bending magnet SR Monitor

The IP5 monitor will be of similar design than the IP4 monitor.

In IP5, the light will be generated in the D2 magnet, and as this monitor is expected to be used only at high energy (above 2 to 4 TeV), it will not need the radiation emitted at the edge, but can make use of the light generated inside the D2 magnet, which makes it possible to prevent it from parasitic light coming from D1 by a slit at the focal point of the focusing mirror.

Because of the change in  when the beams are colliding, the beam sizes will then be 2 to 2.5 times larger than in the IR4 monitors, which can be interesting if the best resolution is looked for.

Tail measurements will also be more precise at high energy.

The disadvantage of this monitor location is the higher radiation levels of 10 to 100 gy/Y or more which will put restrictions on the use of CCD detectors and on the maintenance operations.

In the cost reduction exercise of BI, we have proposed to delay the construction of this monitor to some later moment.
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Spatial Sampling / resolution
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The beam size has a large excursion at the IR4 monitor, from 13 pixels*/ at injection to 3.3 px/ at 7 TeV.

The magnification has been optimised there for making single turn measurements of the pilot bunch at injection with a precision of ~ 6%.

If more pixels per  are requested at top energy, an additional magnification can be introduced or the sensitivity/precision can be degraded for the pilot pulse at 450 GeV.

With 9 px/ at 7 TeV in collision optics and enough signal to saturate the central pixel of a CCD, it will be possible to make high precision measurements with the D2 monitor for colliding beams.

* pixel size brought back to the source: ~ 100m

Monitor sensitivities : Single turn
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There is a difference of a factor 2 to 3 on beam size at 7 TeV in collision optics between the Undulator and the D2 monitors.

*   CCDs saturate at ~ 2 x 106 photons/px

1000 primaries are requested (statistics) on the central pixel to measure a profile to 3% 

200 primaries are needed to use the full range of the final detector after a light amplification of 104
+   at injection optics

++ at collision optics
Monitor sensitivities: TV mode  (225 revolutions)
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There is enough signal to 

· do precision measurements [% range] with single bunches 

· measure tails of single bunches at high energy and of batches at low energy with the “corona” method.

* CCDs saturate at ~ 2 x 106 photons/px
   1000 primaries are requested on the central pixel to measure a profile to 3%
+  at injection optics

++ at collision optics

Precision limitation

The main limitations for the measurement of the profiles will be: 

Diffraction: 
due to the lower beam , this will be less severe than in LEP

Depth of field:
this effect will be more important in D2 than in LEP because of the larger bending radius

Parasitic light:
~ less a problem than in LEP because of the low light levels (detection level cut-off)

The diffraction and depth of field effects can be calculated and later measured, and the results checked in cross-calibration runs with the Wire Scanners as has been demonstrated in LEP:


Pb 82+   IONS

Preliminary thoughts have been given to assess the possibility to monitor ion beams with SR.

Because of their lower , the fundamental Undulator wavelength is shifted into the Infra Red at injection, and hence the usual detectors cannot be used. 

To overcome this, two possibilities have been considered:

· use Infra-red detectors which can be found in the range 1000-3500nm where the vacuum window is transparent

· add a period (or two) of 10cm in front of the proton Undulator to shift the wavelengths down towards the visible. A field of 2.4T seems feasible.

 With both options, the present calculations show that it should be possible to observe the beams and measure profiles in TV mode at injection. 

At higher beam energies, there seems to be no problem.

Tests will be made in 2002 during the SPS  Pb 82+  run to check the theoretical calculations.

E2000  SL AP adjusted demands on profile precision 

· Injection matching: 
10% t-b-t to limit the filamentation blow-up to ~ 1%

non-interceptive monitoring during filling as “watchdog”

· Circulating beam: real time TV, gating for single bunch but not turn-by-turn


4% relative, or 4% absolute if cross-calibrated with Wire Scanner


5-10% precision for a scan of the injected batch before next injection


5-10% precision for coherent modes, b-b-b, and t-b-t if possible

· Tails: sensitive to 10-4  of bunch with ~10% accuracy on measurement

no time requirement

· Ions: 10% precision for 20ms integration

· Pilot: TV [20ms] observation

All demands can be ~ satisfied with the proposed set-up and technology available in BI.

Further work to be done

Finalise the Undulator design and its integration in the D3 cryostat together with BNL.

Study the case of Pb82+ completely, perform tests in the SPS.

Determine precisely the influence of diffraction and depth of field on beam size broadening.

Finalise the optics design.

Follow / participate in new detector developments:
radiation hardness












faster readout 












higher dynamic range.

Conclusion

All “reasonable” demands can be satisfied for protons with our available technology.

More work has to be done for ions at injection energy.

Some more discussions/investigations have to be done on the subject of 4 to 5% precisions.
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Sheet1

		Energy  [TeV]						0.450		1.000		2.000		3.000		4.000		5.000		6.000		6.999		7.000

		gamma						480.		1066.		2132.		3198.		4264.		5330.		6397.		7462.		7463.

		E 0 p       [GeV]		0.938

		E H n  [um] /      E H [nm]		3.750				7.817		3.518		1.759		1.173		0.879		0.704		0.586		0.503		0.503

		E V n  [um] /      E V [nm]		3.750				7.817		3.518		1.759		1.173		0.879		0.704		0.586		0.503		0.503

		beta H    [m]				IR5		103		103		103		103		103		103		103		103		581

		beta V   [m]						204		204		204		204		204		204		204		204		1836

		sigma beam H [mm]						0.897		0.602		0.426		0.348		0.301		0.269		0.246		0.228		0.540

		sigma beam V [mm]						1.263		0.847		0.599		0.489		0.424		0.379		0.346		0.320		0.961

		sigma beam H [px]		G[optics]		0.21		8		5		4		3		3		2		2		2.1		4.9

		sigma beam V [px]		px size [um]		109.5		12		8		5		4		4		3		3		2.9		8.8

		beta H    [m]				IR4		160		160		160		160		160		160		160		160		160

		beta V   [m]						280		280		280		280		280		280		280		280		280

		sigma beam H [mm]						1.118		0.750		0.530		0.433		0.375		0.335		0.306		0.284		0.284

		sigma beam V [mm]						1.479		0.992		0.702		0.573		0.496		0.444		0.405		0.375		0.375

		sigma beam H [px]		G[optics]		0.2		10		7		5		4		3		3		3		2.5		2.5

		sigma beam V [px]		px size [um]		115.0		13		9		6		5		4		4		4		3.3		3.3
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Sheet1

		Energy  [TeV]						0.450		1.000		2.000		3.000		4.000		5.000		6.000		6.999		7.000

		gamma						480.		1066.		2132.		3198.		4264.		5330.		6397.		7462.		7463.

		E 0 p       [GeV]		0.938

		E H n  [um] /      E H [nm]		3.750				7.817		3.518		1.759		1.173		0.879		0.704		0.586		0.503		0.503

		E V n  [um] /      E V [nm]		3.750				7.817		3.518		1.759		1.173		0.879		0.704		0.586		0.503		0.503

		beta H    [m]				IR5		103		103		103		103		103		103		103		103		581

		beta V   [m]						204		204		204		204		204		204		204		204		1836

		sigma beam H [mm]						0.897		0.602		0.426		0.348		0.301		0.269		0.246		0.228		0.540

		sigma beam V [mm]						1.263		0.847		0.599		0.489		0.424		0.379		0.346		0.320		0.961

		sigma beam H [px]		G[optics]		0.21		8		5		4		3		3		2		2		2.1		4.9

		sigma beam V [px]		px size [um]		109.5		12		8		5		4		4		3		3		2.9		8.8

		beta H    [m]				IR4		160		160		160		160		160		160		160		160		160

		beta V   [m]						280		280		280		280		280		280		280		280		280

		sigma beam H [mm]						1.118		0.750		0.530		0.433		0.375		0.335		0.306		0.284		0.284

		sigma beam V [mm]						1.479		0.992		0.702		0.573		0.496		0.444		0.405		0.375		0.375

		sigma beam H [px]		G[optics]		0.2		10		7		5		4		3		3		3		2.5		2.5

		sigma beam V [px]		px size [um]		115.0		13		9		6		5		4		4		4		3.3		3.3
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Mirror D3 IP4

		period[U]		28		cm		& half periods		2		L[U]		0.84		m

		D3 deflect		1.6		mrad						L[D3]		9.45		m

		d[U-D3]		1		m				Beam offset D3 OUT/IN				7.56		mm

		sigH beam		0.93		mm		Beam/Mirror-		15		sigma H =		13.95		mm min

		Mirror width		40		mm				Mirror+/beam				53.95		mm min

		d(d[D3-M])

		0.1

		d[D3-Mirror]		d[U/2-Mir]		beam/U		SR U- min		SR U+ max		SRU+ D3dw		Mirror-/U		Mirror+/U				Mirror W

		m		m		mm/axis		mrad		mrad		mm		mm/axis		mm/axis				Mw if OK

		8.0		18.87		-20.4		-0.34		1.78		26.9		-6.4		33.6				40.0

		8.1		18.97		-20.5		-0.35		1.76		26.7		-6.6		33.4				40.0

		8.2		19.07		-20.7		-0.35		1.74		26.5		-6.7		33.3				40.0

		8.3		19.17		-20.8		-0.36		1.73		26.3		-6.9		33.1				40.0

		8.4		19.27		-21.0		-0.37		1.71		26.1		-7.1		33.0				40.0

		8.5		19.37		-21.2		-0.37		1.69		26.0		-7.2		32.8				40.0

		8.6		19.47		-21.3		-0.38		1.68		25.8		-7.4		32.6				40.0

		8.7		19.57		-21.5		-0.38		1.66		25.6		-7.5		32.5				40.0

		8.8		19.67		-21.6		-0.39		1.64		25.4		-7.7		32.3				40.0

		8.9		19.77		-21.8		-0.40		1.63		25.2		-7.9		32.2				40.0

		9.0		19.87		-22.0		-0.40		1.61		25.1		-8.0		32.0				40.0

		9.1		19.97		-22.1		-0.41		1.59		24.9		-8.2		31.8				40.0

		9.2		20.07		-22.3		-0.42		1.58		24.7		-8.3		31.7				40.0

		9.3		20.17		-22.4		-0.42		1.56		24.5		-8.5		31.5				40.0

		9.4		20.27		-22.6		-0.43		1.55		24.4		-8.6		31.4				40.0

		9.5		20.37		-22.8		-0.43		1.53		24.2		-8.8		31.2				40.0

		9.6		20.47		-22.9		-0.44		1.52		24.0		-9.0		31.0				40.0

		9.7		20.57		-23.1		-0.44		1.50		23.9		-9.1		30.9				40.0

		9.8		20.67		-23.2		-0.45		1.49		23.7		-9.3		30.7				40.0

		9.9		20.77		-23.4		-0.45		1.47		23.5		-9.4		30.6				40.0

		10.0		20.87		-23.6		-0.46		1.46		23.4		-9.6		30.4				40.0
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Undulator 28cm

		Energy  [TeV]				0.450		0.750		1.000		7.000		7.000		5.000		6.000		7.000		7.000

		gamma				480.		800.		1066.		7463.		7463.		5330.		6397.		7463.		7463.

		E 0 p       [GeV]		0.938																								Rho [m]				B [T]

		lu [m]		0.280																						MB		2800				8.4

																										D2		8900		3.1785714286		2.65

		dq [mrad]		0.500		l [nm]

		q [mrad]		0.000		608		219		123		3		3		5		3		3		3

				0.500		643		254		158		38		5000		40		38		38		38

				1.000		748		359		263		143		143		145		143		143		143

				1.500		923		534		438		318		318		320		318		318		318

				2.000		1168		779		683		563		563		565		563		563		563

				2.500		1483		1094		998		878		878		880		878		878		878

				3.000		1868		1479		1383		1263		1263		1265		1263		1263		1263

				3.500		2323		1934		1838		1718		1718		1720		1718		1718		1718

				4.000		2848		2459		2363		2243		2243		2245		2243		2243		2243

				4.500		3443		3054		2958		2838		2838		2840		2838		2838		2838

				5.000		4108		3719		3623		3503		3503		3505		3503		3503		3503

				5.500		4843		4454		4358		4238		4238		4240		4238		4238		4238

				6.000		5648		5259		5163		5043		5043		5045		5043		5043		5043

				6.500		6523		6134		6038		5918		5918		5920		5918		5918		5918

				7.000		7468		7079		6983		6863		6863		6865		6863		6863		6863

				7.500		8483		8094		7998		7878		7878		7880		7878		7878		7878

				8.000		9568		9179		9083		8963		8963		8965		8963		8963		8963

				8.500		10723		10334		10238		10118		10118		10120		10118		10118		10118

				9.000		11948		11559		11463		11343		11343		11345		11343		11343		11343

				9.500		13243		12854		12758		12638		12638		12640		12638		12638		12638

				10.000		14608		14219		14123		14003		14003		14005		14003		14003		14003

				10.500		16043		15654		15558		15438		15438		15440		15438		15438		15438

				11.000		17548		17159		17063		16943		16943		16945		16943		16943		16943

				11.500		19123		18734		18638		18518		18518		18520		18518		18518		18518

				12.000		20768		20379		20283		20163		20163		20165		20163		20163		20163

				12.500		22483		22094		21998		21878		21878		21880		21878		21878		21878

				13.000		24268		23879		23783		23663		23663		23665		23663		23663		23663

				13.500		26123		25734		25638		25518		25518		25520		25518		25518		25518

				14.000		28048		27659		27563		27443		27443		27445		27443		27443		27443

				14.500		30043		29654		29558		29438		29438		29440		29438		29438		29438

				15.000		32108		31719		31623		31503		31503		31505		31503		31503		31503

		1000/gamma		mrad		2.08		1.25		0.94		0.13		0.13		0.19

		B [U]       [T]		0.50

		L pole U [m]		0.10

		Theta		mrad		3.33E-02		2.00E-02		1.50E-02		2.14E-03

		Theta x gamma		<<1		6.9E-02		2.5E-02		1.4E-02		2.9E-04
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		Energy  [TeV]				0.450		0.900		1.000		1.500		2.000		4.000		5.000		6.000		7.000

		gamma				480.		959.		1066.		1599.		2132.		4264.		5330.		6397.		7463.

		E 0 p       [GeV]		0.938

		E H n  [um] /      E H [nm]		3.750		7.817		3.908		3.518		2.345		1.759		0.879		0.704		0.586		0.503

		E V n  [um] /      E V [nm]		3.750		7.817		3.908		3.518		2.345		1.759		0.879		0.704		0.586		0.503

		beta H    [m]				193		193		193		193		193		193		193		193		193

		beta V   [m]				169		169		169		169		169		169		169		169		169

		sigma beam H [mm]				1.228		0.869		0.824		0.673		0.583		0.412		0.368		0.336		0.311

		sigma beam V [mm]				1.149		0.813		0.771		0.630		0.545		0.386		0.345		0.315		0.291

		Pixel size [um]		23

		G		0.20

		D source-lens   [m]		24.0

		D lens-detec.    [m]		4.800

		Focal length     [m]		4.00

		w slit @ F         [mm]		2.00

		Ang. Acc.        [mrad]		0.500

		Be Mirror W    [mm]		40

		ADC count      [%/max]		0.024%

		pixel size at source [mm]		0.115

		pixels/sigma H				10.68		7.55		7.16		5.85		5.07		3.58		3.20		2.92		2.71

		pixels/sigma V				9.99		7.07		6.70		5.47		4.74		3.35		3.00		2.74		2.53

		Pwr on central px				0.15%		0.29%		0.32%		0.48%		0.63%		1.19%		1.45%		1.69%		1.93%

		Phot Energy/p/Turn [J]  in bw		200-900		9.97E-24		3.13E-23		2.09E-23		1.94E-23		1.84E-22								1.27E-21

		Nb of Phot in Av l [nm]		600		600		600		600		600		600		600		600		600		600

		Phot Energy/p/Turn [J]  in bw		200-400

		Nb of Phot in Av l [nm]		300		300

		Phot Energy/p/Turn [J]  in bw		400-600

		Nb of Phot in Av l [nm]		500		500

		Phot Energy/p/Turn [J]  in bw		600-900

		Nb of Phot in Av l [nm]		750		750

		eV * nm		1240		2.07		2.07		2.07		2.07		2.07		2.07		2.07		2.07		2.07

		J/eV		1.60E-19

		Beam: nb of p		5.E+09

		CCD saturation:  photons		2.E+06

		Photons incentral px		Single turn		222		1,377		1,019		1,399		17,450								369,792

		CCD signal max		/saturation		1.1E-04		6.9E-04		5.1E-04		7.0E-04		8.7E-03								1.8E-01

		CCD max counts				0.5		2.8		2.1		2.9		35.7								757.3

		Intensifier/Attenuator for		CCD satur.		9.01E+03		1.45E+03		1.96E+03		1.43E+03		1.15E+02								5.41E+00

		CCD integration [ms]		20

		LHC Trev [us]		89

		Photons incentral px		Integrated		5.0E+04		3.1E+05		2.3E+05		3.1E+05		3.9E+06								8.3E+07

		CCD signal max		/saturation		2%		15%		11%		16%		196%								4155%

		CCD max counts				1.E+02		6.E+02		5.E+02		6.E+02		8.E+03								2.E+05

		Intensifier/Attenuator		CCD satur.		40.09		6.47		8.74		6.36		0.51								0.02

		A verifier

		sigma D H  [um]/  c DH		0.35		420		420		420		420		420		420		420		420		420

		sigma D V  [um] / c DV		9		133		133		133		133		133		133		133		133		133

		sigma LA H [um] / c Lah		4

		sigma LA V [um] / c Lav

		sigma Int    [um] / kint		50		0		0		0		0		0		0		0		0		0

		sigma H meas [um]				1298		965		925		793		718		588		559		538		523

		sigma V meas [um]				1157		824		782		643		561		408		370		342		320

		sigma H  m/b  [%]				106		111		112		118		123		143		152		160		168

		sigma V  m/b  [%]				101		101		101		102		103		106		107		109		110

		Opt. Trans. Coeff.   wrt		0.18		100.0%		1.0%		50.0%		1.2%		0.4%		0.2%		0.1%		0.1%		0.3%

		Rel Opt bw               wrt [nm]		700		50%		5%		5%		5%		5%		5%		5%		5%		5%

		A intensifier         [J/J]		1.00E+04		100%		100%		100%		100%		100%		100.0%		100.0%		100.0%		100.0%

		intensifier    IN/OUT		1/0

		Amplification

		E Density       [J/cm^2]

		Det Sens[V/uJ/cm^2]

		V out            [mV]

		ADC            counts

		1 turn                    [s]		8.90E-05

		A intensifier  relative		1.00E+04

		Opt bw rel /		700

		Opt Trans rel /		0.18

		E Density       [J/cm^2]

		ADC   counts

		Energy  [TeV]				0.450		1.000		2.000		3.000		4.000		5.000		6.000		7.000		7.000
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&LG:\\Excel\SyncRad\LHC\&C&F:  &A&R&D - &T
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&LBSRT_m&C&F&R&D - &T
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		Energy  [TeV]				0.450		0.700		1.000		7.000		7.000		5.000		6.000		7.000		7.000

		gamma				480.		746.		1066.		7463.		7463.		5330.		6397.		7463.		7463.

		E 0 p       [GeV]		0.938																								Rho [m]				B [T]

		lu [m]		0.280																						MB		2800				8.4

																										D2		8900		3.1785714286		2.65

		dq [mrad]		0.500		l [nm]

		q [mrad]		0.000		608		251		123		3		3		5		3		3		3

				0.500		643		286		158		38		5000		40		38		38		38

				1.000		748		391		263		143		143		145		143		143		143

				1.500		923		566		438		318		318		320		318		318		318

				2.000		1168		811		683		563		563		565		563		563		563

				2.500		1483		1126		998		878		878		880		878		878		878

				3.000		1868		1511		1383		1263		1263		1265		1263		1263		1263

				3.500		2323		1966		1838		1718		1718		1720		1718		1718		1718

				4.000		2848		2491		2363		2243		2243		2245		2243		2243		2243

				4.500		3443		3086		2958		2838		2838		2840		2838		2838		2838

				5.000		4108		3751		3623		3503		3503		3505		3503		3503		3503

				5.500		4843		4486		4358		4238		4238		4240		4238		4238		4238

				6.000		5648		5291		5163		5043		5043		5045		5043		5043		5043

				6.500		6523		6166		6038		5918		5918		5920		5918		5918		5918

				7.000		7468		7111		6983		6863		6863		6865		6863		6863		6863

				7.500		8483		8126		7998		7878		7878		7880		7878		7878		7878

				8.000		9568		9211		9083		8963		8963		8965		8963		8963		8963

				8.500		10723		10366		10238		10118		10118		10120		10118		10118		10118

				9.000		11948		11591		11463		11343		11343		11345		11343		11343		11343

				9.500		13243		12886		12758		12638		12638		12640		12638		12638		12638

				10.000		14608		14251		14123		14003		14003		14005		14003		14003		14003

				10.500		16043		15686		15558		15438		15438		15440		15438		15438		15438

				11.000		17548		17191		17063		16943		16943		16945		16943		16943		16943

				11.500		19123		18766		18638		18518		18518		18520		18518		18518		18518

				12.000		20768		20411		20283		20163		20163		20165		20163		20163		20163

				12.500		22483		22126		21998		21878		21878		21880		21878		21878		21878

				13.000		24268		23911		23783		23663		23663		23665		23663		23663		23663

				13.500		26123		25766		25638		25518		25518		25520		25518		25518		25518

				14.000		28048		27691		27563		27443		27443		27445		27443		27443		27443

				14.500		30043		29686		29558		29438		29438		29440		29438		29438		29438

				15.000		32108		31751		31623		31503		31503		31505		31503		31503		31503

		1000/gamma		mrad		2.08		1.34		0.94		0.13		0.13		0.19

		B [U]       [T]		0.50

		L pole U [m]		0.10

		Theta		mrad		3.33E-02		2.14E-02		1.50E-02		2.14E-03

		Theta x gamma		<<1		6.9E-02		2.9E-02		1.4E-02		2.9E-04
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		0		0		0		0
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