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COMPUTATION OF FLUX INTO THE ALADDIN INFRARED BEAMLINE

R. A. Bosch, Synchrotron Radiation Center,
University of Wisconsin-Madison, 3731 Schneider Dr., Stoughton, WI 53589

Abstract X =(X,Y,Z) is the observer locationp is angular

The Aladdin infrared beamline extracts edge radiation frequency,c is the speed of IightB(t) is the electron
downstream of a short straight section of the 800 MeV'  ye|ocity divided byc, eiis the electron charge, aggis the

electron storage ring, Aladdin. For wavelengths of 1- o mitivity of free space.R(t) is the distance from the
1000 microns, the flux into the beamline is compute(électron to the observer and(t) is the unit vector
The flux rolls off at wavelengths exceeding ~10,

where the central cone of near-field edge radiation is ItQ8mtltn_g fretljme;hte etlhecttron tto ';htngsgrver. .The olt))server
longer contained within the entrance aperture. Imet, is related to thetimet of radiation emission by

dt e
—>=1-1A(t) [B(t) . 2
1 INTRODUCTION dt
Consider an electron which enters the fringe field of a

The radiation from' e!ectrons entering or exiting a bendi%nding magnet, located at the coordinate origin, at time
magnet (edge radiation [1,2,3,4]) may be used as a bnli;rlto Let R=| X | and A(O) = describe the dist

infrared (IR) source. Recently, an infrared beamline using " =~ = X | and 1(0) =(xy,2) describe the distance
edge radiation has been constructed downstream of a st@ft direction to the observer from the magnet entrance.

straight section of the 800 MeV electron storage rindodeling the fringe field as alinear ramp over a distance |

Aladdin [5]. to the value B, in the central region of the magnet, the
The bending magnet fringe field is approximately aormalized acceleration, B/ B, obeys

Il_near ramp over a distance of 10.3 cm, while the umform Moo /)t o<t<t

field region bends the electron orbit with a 2.083 m radius a(t)=g (3

of curvature. An electron entering the magnet is bent 0 @ t>1

through an angle of {in a distancel of 1.7 cm, wherg  where w, = eB/my is negative for a bend in the +x-
is the relativistic mass factor. Intense edge radiation mapection, and T =1/fc is the fringe-field traversa time.
thus be expected for wavelengths> d/y’ = 7 nm [6]. ] t o

The straight section lengthis 3 m, while the entrance -€ting A(t) E6a(t )dt’, we have
aperture is at a distanéeof 1.5 m from the downstream .
end of the straight section with dimensions of 30.5 mm B(t) = B(=sin A(t),0, cos A(t)) , 4
horizontal x 22.3 mm vertical; its full angular extent is 20 5., _ .
mrad x 15 mrad. Near-field broadening is expected to B(t) =Ba(t)(~cos A(t).0.—sin A(1)), ®)
diminish the flux through an aperture fon > a@d
0,,’RL/(R+L), wheref,, is the half-angle subtended by the A(t):%(ooct2 / 21) o<t<t
aperture [7,8]. The horizontal aperture is expected to cut Foe(t—1/2) t>1
off flux for A > (10 mrad1.5 m)(3 m)/(1.5 m + 3 m) =
100 um, while the vertical aperture may cut off flux for
> (7.5 mrad1.5 m)(3 m)/(1.5 m + 3 m) = 5@m.

(6)

Approximating sinA(t) = A(t) to evaluate the electron
position (X,, Y., Z) versustime gives

0 Beow,t®
Intense flux may therefore be expected for 7 nmi<< B_G—C o<t<t
56—100um. _ T
Xe(t) S G2 (-1/2)20 (7
Becw BG—+—"""—0 t>1
2 FLUX COMPUTATION H R4 2 7
The electric field from an electron, in Sl units, obeys [9] and Z(t) = Bct.
L © AxI(f-B) xRl i From eg. (2) we have, for t (0)=0
E(X,w) = © nX[(An aﬁi)xﬁ] elwto(t)dt t t
ATEqC =t (1=NER)"R() @ L= jh—ﬁ(m B+ [l - )] Boyar
e © A-pB it (t) 0 0
+ e ° dt )

4ame y? <o (1- A ) R(t)”
The first term on the RHS is the “acceleration field”

describing far-field radiation. The second term is the
“velocity field” which contributes in the near field. Here,

t
+ [l - )] - oyt
0
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The first term on the RHS of eq. (8) is the expression for 1.0e+018 : : : : : :

t(t licable when the time-variation of A(t) may be

(1) applic ' (1) may s ool @ l

neglected, i.e. for adistant observer. Itsvalueis|[2]

D 3 2 5 . OOe+OCD L 1 1 1 1 1
= 0015 -0010 -0005 0000 0005 0010 0015
Bt(l—z[})+XBLCt+ZBw_°2t o<t<Tt 5
0 61 40t % 5.0e+017 T T T T T T
2 _ 2
t,(t) = %t(l— B) + XB(‘%% +%E (9) é 25e+017 (b) A/\A\«'\_;
S 3 ooy S 00e+000" : :
%+ ZBOOCZET +( 1/2) E t>1 S -0.015 -0010 -0005 0000 0005 0010 0015
& 240 6 g 1.0e+017 T r r T T T
The second term on the RHS of eq. (8) is approximately % 5.0e+016 y\ |
2 .2 32,3 2 4 5 = . ) f . )
Ato(t)z(x2+y2\:pd LSBCCH, Broax Het B Ho S 00ero00
H2r 3R § R M4t 30RtH 2 -0015 -0010 -0005 0000 0005 0010 0015
G T . . r T .
i} (x2 . yz)$20t2 . B3czt3 H . E 3.0e+015
2R 3R* { 5 1serosst (@) ]

Rlowex H®  t% L S o1& S S S S B 0.0e+000 " ' ' . . . :
PO Lt L
0 0015 -0010 -0005 0000 0005 0010 0015

R H6 4 6 24 RHs 6 12 120{{ X (m)
(20 _ .

The dominant contribution to the third term is Figure 1. Flux density 1.5 m downstream of the
DBZC%XEE pet® ] entrance edge of an Aladdin bending magnet preceded
ETEBT +10RrE O<t<t by an infinitely-long straight section, for an electron

dt,() =0 current of 200 mA and energy of 800 MeV. Flux
B2cwex Ht3 tr T BcEti t’r 1 ﬁ iy i i it ;

LN RNL ST o 5 L B AL t>1 density is plotted versus horizontal position in the

0 O3 . .
B R H 4 24 RH4 6 60 plane of the electron orbit, for electrons deflected in

(12) the positivex-direction. (a)A = 1pum. (b)A = 10um.
The radiation emitted when t > 0 may be evaluated by (c) A =100um. (d)A = 1000um.

substituting eqgs. (3)—(11) into eq. (1) and numerically
integrating over Okt ., wheret  is sufficiently large ) MR- ¢
that radiation from later times is negligible. By including E(X"‘):En:eoch% ® i F{o 1+ w2)?
egs. (10) and (11), the expression fi@t) is sufficiently Hﬁ
accurate that computations agree with the results 9fe y. and y- components of eq. (12) are obtained by
Chubqr [8] for observer locations within .the Aladdin IRmultiplying by x/(x-+y?)"> andy/(x+y))".
beamllne'entrance aperture. However, inaccurate .re'sultgumming the electric fields from the edges and the
are obtained for the ordinary synchrotron radiatiogyaight section gives the electric field from an electron.

observed .atllar.ger horizontal di'splacements.' This is @3 5 punch length exceeding the observed radiation
apparent limitation of the approximate expressiort {or wavelength, the flux density from a currentis [9]
Now consider radiation emitted before this electron

enters the straight section at titrve -L/Bc, wherelL is the aF &Lﬁm_ﬁﬁ‘g(g,m))r, (13)
straight section length. If we instead consider an electron 2 " weff e {
entering the straight section at time 0, wheret (0)=0, Where the solid angldQ is defined with respect to the
egs. (3)—(11) apply with the substitutioRs:» R+L, T — - downstream bending magnet entrance.
T, 0<t<1 - -T<t<0,t>T - t<-; the unit vector
pointing from the upstream straight-section end to the 3 RESULTS
observer mu.st be substitutgd fory(2). Inserting these Figure 1 displays the computed flux density 1.5 m
expressions into eq. (1), we integrate numerically aygr - gownstream of an Aladdin bending magnet preceded by
< t<0 to obtain E(X,w). To convertE(X,w) to the an infinitely-long straight section. The flux density in the
observer time coordinate whetg=0 when downstream plane of the electron orbit is plotted versus horizontal
edge radiation arrives, we multiply by the phasgositionX for locations within the IR beamline entrance
exp{-imR (A\)[L/R+@X,Y)’L/(R+L)]}, where R(\) = aperture. For the wavelengths showrgxceedRly, so
RI(AY) and@(X,Y) = y(¢+y)"™ that near-field effects must be considered [7].
Lastly, the velocity field from the straight section is [7] At @ wavelength of um, A is slightly larger tharR/y
(A = 1.7RWY), and the velocity field makes only a small
contribution. The peaks of flux density are approximately

W JTR@W-1W)y,, (12)
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B 00ero00! . ; : . . . Figure 3. Computed flux into the Aladdin IR beamline
cg "7 70015 -0010 -0005 0000 0005 0010 0015 for an electron current of 200 mA (solid ling). The
G 30eroisy , , , , , , edge-radiation flux for an infinite straight section
T (d) length and the ordinary synchrotron radiation flux into
S Msesf—0V A an identical aperture are also shown.
0.06+000 ! . . . . . .
-0015 -0010 -0005 0000 0005 0010 0015

identical aperture located 1.5 m downstream of an

X (m) ordinary synchrotron radiation source at Aladdin.
Figure 2. Flux density 1.5 m downstream of the
entrance edge of an Aladdin bending magnet, for a 4 SUMMARY
current of 200 mA and straight section length of 3 m. The flux of edge radiation into the Aladdin IR beamline

Flux dengity is plotted versus horizontal positioninthe  has been computed. The computations show a large flux
plane of the electron orbit, for electrons deflected in  at the wavelengths of 1-20m typically used for Fourier

the positive x-direction. (8 A =1pm. (b)) A =10pm.  transform infrared (FTIR) microscopy. At wavelengths
(c) A =100 um. (d) A = 1000 pm. exceeding ~10Qim, the flux is diminished.

at the far-field angles of +1/y = +0.64 mrad. For large 5 ACKNOWLEDGMENTS
positive values of X, the radiation is similar to ordinary . ] ) .
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the central cone of radiation lies within the horizontal '
aperture, while most of this cone lies outside the aperture
for A = 1000pm.
Figure 2 shows the computed flux density for thﬁ]
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