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PROSPECT OF AN IR OR THz BEAMLINE AT SSRL*
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Abstract POSSIBLE BEAMLINE LAYOUT AND
FLUX CALCULATIONS

A preliminary plan for an infrared or terahertz beamline
at SSRL is studied. Edge radiation may be extracted with Collecting long wavelength synchrotron radiation poses
the existing ID port to provide near to mid-infrared beam$0mMe difficulty because of its large vertical opening angle.
Rebuilding a straight section with a 3-bend chicane wouldhe rms vertical opening angle of synchrotron radiation at
enable us to obtain a port with large acceptance to readl}e 1ong wavelength end scales as [5]
the THz regime. Under the low alpha operational mode, 1/3
the terahertz beam power can be greatly enhanced by the o9 = 0.62 <§> [rad], D)
coherent synchrotron radiation (CSR) effect. Calculation

of photon beam flux and the CSR amplification effects are ) ) i )
presented. where )\ is the wavelength angd is bending radius. For

SPEAR3 p = 8.15 m), the vertical rms opening angle
would be 26 mrad fof.5 mm wavelength. Edge radia-
tion is sometimes more preferable in the far IR regime be-
INTRODUCTION cause it may have smaller opening angle. Edge radiation
is emitted by relativistic electrons in the transitionajic:
Infrared (IR) and terahertz (THz) radiation offer op_when they enter and leave bending magnetic fields. In the
portunities for a wide range of appealing science throughear field (when the distance between the source and ob-
imaging, spectroscopy, etc. Synchrotron radiation (SR) ervation points satisfieR < 2 ), edge radiation forms
an excellent IR source for its stability, high flux and highd cone which peaks @ ~ ,/\/R. It has been pointed
brilliance. IR beamlines can be found in many synchrotrofut [6] that for a given half apertur,,, edge radiation
light source facilities. More recently it has been demonis more favorable in flux and brightness in the wavelength
strated that synchrotron light sources are also attractiVgionpds, < A < ROz,
THz sources because of their capability to produce intense For SPEARS3, edge radiation may be extracted with the

coherent synchrotron radiation (CSR) when operated in tifisting insertion device (ID) ports with minimum work.
low alpha mode [1]. The standard ID ports have small vertical aperture which

Currently there is no IR or THz beamline at StanforcJimits them from reaching the far-infrared regime. How-
ever, the ID ports are considered since the near and mid-

Synchrotron Radiation Lightsource (SSRL). However, th'ienfrared regime may also be of interest. Existing SPEAR3

successful test of the low alpha mode [2] at SSRL ha ipole beamlines are not designed to collect IR radiation.

sparked some user interest. Therefore it is necessary e anaular accentance is areatly limited by the vacuum
evaluate the feasibility of building an IR or THz beamline 9 P g y y

and the possibility of benefiting from CSR enhancement iﬁhamber height. It is p<_335|ble to modify the dipole vac-
the THz regime. uum chambertg puta mirror shorFIy_ after a ;tandard dlpo_le
magnet. Despite the technical difficulty, this approach is
Long wavelength synchrotron radiation has large openyso considered. Our preferred approach is to replace a 4.7
ing angles and thus requires a port with large acceptance f@f|ong straight section with a 3-bend chicane. This option
its extraction. Since edge radiation (ER) atlong wavelengtallows us to re-design the vacuum chamber with a large
has better collimation, it may be used as a THz source. |fertical gap and insert a mirror close to the chicane magnet
this study we calculate the flux for SR and ER at variougy effectively collect THz beam.
WaVeIengthS for a few pOtential beamline Configurations. F|ux and brightness Ca'cu'ations for the Options are pre_
The calculation is performed primarily with the code Synsented in the following.

chrotron Radiation Workshop (SRW) [3].

The CSR effect of short bunches for long wavelength rdR Beamline with a Standard ID Port
diation is greatly enhanced by the longitudinal bunch dis- L
tortion due to CSR impedance [4]. It is necessary to solve The "t”?'“j‘g afzrl';urf fgr;g stapdarq{hSPEAtRS D bgam-
the Hassinski equation to obtain the equilibrium bunch dié'—ne port Is locatediy = 2.2 m from he enlrance edge

tribution and the CSR amplification factor. The calculatioﬁ)]c the downstream dipole. The ac_ceptapce is_ 488H/.
is done for the SPEAR3 case. mrad® (108x18 mm). When there is no insertion device

in the straight section, the ID port will receive edge radi-
ation from the exit edge of the upstream dipole and the
*Work supported by DOE Contract No. DE-AC02-76SF00515 entrance edge of the downstream edge. The two edges
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Figure 1. IR flux and brightness for the existing SPEAR3 Figure 3: Layout of the chicane magnets.

ID port with a 8V x 48H mrad aperture for a 100mA

beam. in Table 1. The other two chicane magnets are each 35 cm
long, with a bending angle of 33.33 mrad. Weak magnetic

are — 5.29 m apart. The long wavelength limit for field is used in this magnet to reduce the vertical open_ing

which the full cone may be accepted by this porkis = angle_ of SR anq allow a large magnet gap. The rms \_/ertlc_:al

h?/4R(1 + R/L) = 25 um. The shielding wavelength opening angle is 18.6 mrad for 1 mm wavelength in this

iS Ashielding = h2(R + L)/RL = 205 um [6]. Wave- Magnet

lengths longer than the shielding wavelength are severely

suppressed due to interference with the waves reflected Taple 1: Parameters of the Middle Chicane Magnet
from the vacuum chamber wall.

Figure 1 shows the flux and peak brightness of the pho- parameters value
ton beam that can be extracted from this port. The size of bending angle 66.67 mrad
the electron beam is included in the calculation. Brightnes length 3.0m
is calculated by placing a focusing lens with focal length magnetic field 0.222 Tesla
f = 1.125 m at the aperture and calculating the maximum sagita 25 mm

flux density at the focus spot 2.25 m downstream. The
flux density is then divided by the solid angle subtended
by the aperture with respect to the focus spot. Note that The vacuum chamber for this magnet will be designed
the shielding effect is not included in SRW calculations. Ino effectively collect synchrotron radiation down to 1 mm
this case, flux and brightness numbers are not accurate f@avelength with a mirror located toward its end. This mir-
wavelength beyond 2pm since the reflected wave is notror is aimed to collect mainly the SR from the first half of
considered. the orbit in the chicane magnet. We assume an aperture
of 52x52 mrad for this beamline in the flux calculations.
THz Beamline with Modified Dipole Chamber The flux for a 100 mA beam is shown in Figure 4. The flux

. is 8 x 10'? photons/s/0.1% BW for 1 mm wavelength.
To extract THz synchrotron radiation from a standardS P 0 g

. ) Modifying a dipole chamber or rebuilding a straight sec-
.SPEAR3 Ftilpﬁle we ,[n?y rrgjodlf){[.thel,- vgcuumdcha;nber F?lon with chicane are both complicated tasks. Details of
Incréase 1ts horizontal and vertical Siz€ and put a Mity, o \4cyum chamber design and its impact on the electron
ror at the end of the magnet to bend the IR beam ou

! beam h t been studied. Both opti iable t
ward by 90. It may be feasible for the angular accep- eam have Not been stidie O'h options seem viable to

o - ~Fextract THz beam down to 1 mm level.
tance to reach 60K52V mrad’, considering that similar
results have been achieved in other third generation light

sources [7]. The flux for such a port is shown in Figure 2. CSR AMPLIFICATION
) _ _ When the length of an electron bunch is comparable to
THz Beamline with a Chicane the radiation wavelength, coherent synchrotron radiation

n¥vill significantly enhance the radiation power. The total

A 3-bend chi b t int f the 4.7
enc chicane may be put 1o one of the r{gdiated power density of a bunch is given by

straight sections in the matching cells. The three chical
magnets may be arranged symmetrically as shown in Fig- ar - _ d—pN[l + Ng(\)] @
ure 3. Parameters of the middle chicane magnet are listed dX dX '
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Figure 4: Flux collected by the 552 mrad from the chi-
cane magnet for a 100 mA beam. Figure 5: The CSR amplification factoNg(\) for
SPEAR3 in two different-values for corresponding single
) bunch currents just below the bursting threshold. The rms

whereZ2 is SR power density of a single electrd¥iis the  bunch length for SPEAR3 achromatic latticesis mm.
number of electrons ang(\) is a form factor related to the

longitudinal distribution of the bunch by [4] SUMMARY

g(A\) = |/ei27rz/)‘p(z)dz|2, (3) We are in a preliminary stage of a plan to build an
IR/THz beamline at SSRL. Calculations have shown that
. . I ... €existing ID port may serve as an IR beamline using edge
wherep(z) is the normalized longitudinal bunch distribu radiation. It is capable to reach the mid-infrared regiroe (t

tion. Normally an electron storage ring is not affected b&s 4m level). To reach the THz regime, we may modify a

CSR since the long wavelength synchrotron radiation is: : ; . .
suppressed due to vacuum chamber shielding. The Shieﬁdpole vacuum chamber to insert a mirror in the dipole or
’ rebuild a 4.7 m long straight section with a 3-bend chicane.

. . _ 1/2 .
ing cutoff Wavelength iR = 2h(h/p) [6]1 where/ is When the ring is operated in the low alpha mode, the THz
the half height of the vacuum chamber ané the bend- - . ;
. . . radiation with a wavelength on the 1 mm level is greatly
ing radius. For a standard SPEARS3 dipdle= 17 mm o .
T ._enhanced by the CSR effect, yielding an output 600 times
and)\, = 1.55 mm. CSR effect may become significant in .
; stronger than the 100 mA beam. The corresponding photon
the low-alpha operational mode when the bunch length S 15
o eam flux would bé& x 10*° photons/s/0.1%BW.
reduced to values smaller than the shielding cutoff wave-
length. In this case, the CSR impedance will distort the
longitudinal distribution of the bunch to make it tilt for- ACKNOWLEDGMENT
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