Magnetic Measurements on the Undulator
System for SASE FEL at the TESLA Test

Facility
J. Pfliiger, DESY / HASYLAB
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Free Electron Laser in the Self Amplified Spontaneous Emission (SASE) mode
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Aluminium Support Structure

Focusing Magnets (NdFeB)

Soft Iron Pole

Keeper for focusing Magnets

Permanent Magnets (NdFeB)
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Table 1: Undulator parameters for the undulator for the VUV - FEL at the TESLA Test Facility

Gap (fixed) [ mm ] 12
Period Length [ mm ] 27.3
Undulator Peak Field [T] 0.5

K - Parameter 1.27
Design Gradient [ T/m ] 18.3
Number of poles per undulator module 327
Total length per module [ mm ] 4492.2
Length of FODO quad section [ mm ] 136.5
FODO Period Length [m] 0.9555
Number of FODO periods per module S
Separation between undulator modules {m] 0.2853







Magnetic measurements

Optimization goal: Straight trajectory with 12 <= 10 Tmm’ @ 300 MeV
Quadrupole Adjustment : £50um

1.) Optimization of Undulator field

a) B, Measurement with coil N=3400; 5x10mm’ , analog integrator,
Shims

b) B, calibrated Hallprobe “Field fine tuning by pole height
adjustment*

¢) define center axis with respect to fiducial surfaces

2.) Attach Quadrupole sections

a) apply Rectangular Coil Method for measurement of
- Quadrupole strength

— Hor. center position

— Ver center position

in the presence of the undulator field

b) adjust quads using a linearized approach to the device axis
c) remeasure, iterate
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S; : Field on j* pole [T]

p,;: Shift of i” pole [mm]

a;; - Norm. field change on pole j due to shift of pole i
S, = ayp + a-p, a, P iy P e Ay_1° Py
S, = a,-p + ayp, a, - ps Ay P T Ay Py
Sy = a,'p + ayp, + apy Fe.t asp Tt ay_3° Py
S, = a_;'pp + G ;'py +t ;' py te.t a;p *. Ay_; " Py
Sy = a_y-p +t Gy Py + Gy Py teet diyop te Ay Py
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Measurement of the Quadrupole Centers using the
Rectangular Coil Method (RCM)

To Integrator

Flux through rectangular coil moving along y :
y
AD(Y)=N-L-[B.())-dy-=N-L-g-+((r=1,)" =0, = 3))
Ya
B.(y)=-g-(y=»)
same coil movinzg along z:

AD(z)=N-L-[B(2)-dZ-=N-L-g-%((z-2,)" - (2, - 2,)’)

B(2)=g-(z—z,)

Polynomial Fit: @,.=a-(.2)> +b-(.2)+¢c —> (y,,2,)=-b/2-a ; g=2-a/L-N

g field gradient

L effective quad length
Ya,Za Start point

Yo, Zo quad center

N Number of turns (49)

L coil Coil length (327.6 mm)

Wcoil width of coil (330 mm)



Linearized Quadrupole fine tuning

AW Upper et Y
Upper Left | i | | ! | AV\]Upper Right
Z ¢

| i | | ! | A\Vlowcr Left
AW Loeer Left

S ‘Cq

s-c,
Ay = > {AWUR +Awyp —Awyy — AWLR}

AQ + Ay + AZ AQ + Ay — AZ
Awyy, = ot ; Awyp = g+ &y
4 4
AOD—AJ +AZ AQ — Ay — AZ
Awyp = ) LR =
4 4
Aézz AQ’ AJN}ZZ-Ay; AE:4 Az’
s-c, s-c, S

Aw's : Turn angle of set screw on magnet arrays Upper/Lower Right / Left
+ clockwise - counterclockwise

Cq : Coupling constant: quadrupole strength / per unit magnet shift

C, : Coupling constant vertical center shift per unit magnet shift

S : Set screw pitch
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Status of the TTF FEL

September 2001
Wavelength 80-180 nm
Mode of operation Saturation
Spectrum bandwidth (FWHM)  0.6%
FEL radiation pulse energy 80-120 nJ l
FEL radiation pulse length 0.5-1 ps !
FEL radiation peak power 100-150 MW
# bunches in a train 24
Repetition rate 1 pps
FEL radiation average power 2-3 mW
FEL radiation peak brilliance 6 x 107" phot./sec/mrad®/mm*/(0.1% BW")
FEL radiation average brilliance 3 x 10'7 phot./sec/mrad®/mm?/(0.1% BW.)

Peak Brilliance [Phot.f(sec - mrad® - mm® - 1'% bandw.)]

1035

- —
Iond A t? -
LN 1Y ; 14
107 |- § = /
| - e N -
:
i 0

aTn et

N rwin \:-v"‘.“ﬂ. ceanres
Sl . Lol s

HRHN)

3 e e
l02] .g b / \ .:-:::4‘7:!-‘ [y
! o, 2.
=
b4

Average Brilliance IPholiesc - mead’ - mm’ - 0.1% bandw.)]

lnﬁl coapd 4ol L s\

10' 10? 10° 10 10° 10t 10' 10 10’ 10t 10

Energy [e¢V] Encrgy [eV]



	Pfluger.pdf
	

	Pfluger.pdf
	
	
	
	
	




