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Delta undulator magnet concept*

Two AP (adjustable phase**) undulators assembled in one device.

Compact box-like frame: (prototype dimension ~150mmx150mm)

Full polarization control
Sqart(2) stronger field in planar mode and ~2X stronger in helical mode in compare

with conventional / Apple Il type undulators.
Potential applications: ERLs, XFELs , (storage rings?)

*A. Temnykh, Phys. Rev. ST Accel. Beams 11, 120702 (2008).
**Basic theory: Roger Carr, Nucl. Instr. And Meth. A 306(1991) 391-396
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Peak Field [T]

Delta undulator magnet concept*

——PPM planar vertical field"
| —&—PPM planar horizontal field" (APPLE I}
2 |-+ —@—PPM helical field® (APPLE Il)
;| M- "Delta" planar field
8- "Delta"” helical field

——

*P. Elleaume, et al., Design
considerations for a 1 A SASE

undulator, NIMA, 455(2000) 503-
523
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Model construction at Cornell

Model parameters

*PPM structure

*NbFeB (40SH) Br =1.25T, Hci > 20Koe
*Period 24mm

*Length ~ 30cm

*Bmax (designed) in helical mode ~1.0T
*Bmax (designed) in planar ~ 1.4T

Test assembly and
dimensions check

Magnet field measurement and Model in vacuum vessel
tuning

ATF User Meeting, BNL Oct 6-7, 2010 5



Bx,y[T]

-05

05 -

=]

Model characteristics: magnetic field in helical mode

Measured field components Trajectory X-ray Spectra
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Model characteristics: magnetic field in planar mode

Measured field components Trajectory X-ray Spectra
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Note: B1 and B2 two orthogonal field component tilted relative horizontal and vertical axis by 45deg.

ATF User Meeting, BNL Oct 6-7, 2010



Test goals and beam test setup at ATF (BNL)

Two goals for the test:

1. Get experience in transportation, installation, test mechanics.
(No problems with transportation and installation, mechanics work OK)
2. Characterize (verify) undulator radiation properties

ATF beam line #2 schematic

IPOP 4 IPOP 3 IPOP 2 IPOP 1

=it
P

Diagnostics BEAM
E= € 1 —

ATF beam parameters:
Energy in range from 52MeV to 72MeV
Normalized emittance le-6 m*rad

Bunch charge ~ 500pC Delta undulator installed in BL2 at ATF.
Repetition rate ~ 1.3 pulse/sec
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Beam test setup at ATF (BNL)

InSb(77K) detector with maximum
sensitivity at 4500nm

Optical diagnostics
scheme Narrow band pass F

filters | |

_ / / \/ Parabolic
Flat mirror // .
mirror

—

Delta — Movable collimator
undulator \

7

Electron
beam
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Beam test result

After short tuning by experts, electron beam
was transported through the undulator (5mm
bore) and infrared undulator radiation was
detected by InSb(77K) sensor.

chteksosaT I
EBREXTH20s0

File Edit Vertical Horiz/acg Trig

] Ch1 Position
0.0div

Beam tunlng 7 :V Ch1 Scale

Infrared radiation detected by InSb sensor
Electron beam downstream of undulator
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Beam test result:

Planar mode / linear polarized radiation

Delta undulator in planar mode.
5300nm radiation flux as a function of electron
beam energy for ~60mm DIA slit. Dec 18, 2009
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Signal confirmed 1.28T peak field in undulator in planar mode !
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Beam test result;

Helical mode / circular polarized radiation

Delta undulator in helical mode.

3600nm radiation flux as afunction of electron Delta Undulator in Helical mode,
beam energy through ~10mm DIA slit. Dec 18, 2009 12.6mm iris dia, Bmax = 0.93T. | - amzunml
" Beam test at ATF, Feb 9, 2010
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Both measurements confirmed 0.93T field amplitude in helical mode
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Beam test result: 4520nm radiation spatial distribution as

a function of electron beam energy

Radiation cone spatial distribution as
function of beam energy modeled for
collimator 2D scan. Undulator in helical
mode (circular polarized radiation)

Scanning range: -20+20mm,
-23+27mm, step 5mm, collimator
12.7mm diameter

At 62MeV beam energy fundamental
harmonic wave length ~4520nm. Eb = 58MeV

62 MeV 64 MeV 66 MeV
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Beam test results: 4520nm radiation spatial distribution

as a function of electron beam energy

Radiation cone spatial distribution as
function of beam energy measured
with collimator 2D scan.

Scanning range -20+20mm by
-23+27mm, 5mm step, 12.7mm
collimator diameter.

60 MeV

64 MeV
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Conclusion

1. Delta Undulator magnet model was successfully tested with beam at ATF
in BNL.

2. The test confirmed the measured undulator peak field 0.93T in helical
mode and 1.27T in planar as well as the field quality. It also
demonstrated satisfactory of mechanical and vacuum properties of the
magnet.

Main results to be published in NIM A as Proceedings of Synchrotron Radiation
Instrumentation Conference, Sept 21-24, 2010, Chicago, lllinois.
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Beam test

Encountered problem:

Undulator field focusing effect

1 BZ.L . where fisafocal length; B, -undulator peak field;

f 2. epf’ L - undulator length; B - beam stiffness ;

For undulator in planar mode and 60MeV beam it gives:

f =17cm; focusin one plane

For helical mode and 60MeV beam:

f =31cm; focusin both planes

Strong focusing in planar mode made beam line optics match very
difficult. Higher beam energy would be better.

FLS 2010, SLAC March 1-5, 2010

16



