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Abstract In the ALBA injector, these monitors use the visible part
Synchrotron Radiation Monitors (SRM) are one of thedf the synchrotron radiation, whence the name Visible Syn-
most useful, non destructive tools, to easily obtain infarm chrotron Radiation (VSR) monitors. For the storage ring
tion of three important parameters for a synchrotron useftLBA, this monitor uses the X-ray part of the synchrotron
beam position, beam dimensions and beam stability. Thetgdiation, and we use XSR as its acronym. We also use a
monitors diagnose beam performance using the radiatid#SR in the SR for qualitative diagnostics. Figure 1 shows
produced when the beam traverses a bending magnet. ¢ fluxes produced when an electron beam crosses a bend-
extensive usage of SRM, based on the visible part of tHgg dipole in the LTB, Booster, and SR. In the following,
spectrum, is planned in the ALBA synchrotron: Linacwe review the effects affecting the monitors performance,
Booster, Transfer Lines and the Storage Ring. The lagnd give a conceptual design for the VSR and XSR in
ter will be equipped as well with a SRM based on the xALBA.
ray part of the spectrum, using the PinHole technique in

order to accurately measure the low beam size and emit- Tgpje 1: Injector and SR parameters at the ALBA.
tance. This paper describes the different SRM designs f@

Linac | Booster

the ALBA light source. Parameter Extract. | Extract.| N
INTRODUCTION energy.F [GeV] 0.1 3.0 3.0
magnetic field,B [T] 0.1686 | 0.873 | 1.42

The ALBA facility includes an injector consiting of a bending angled [°] 875 | 5&10 | 11.25
turn-key 100 MeV Linac and an intermediate Booster that, emittancee,, [nm-rad] 150 9 4.3
accelerates the beam up to the full energy — 3 GeV. This ..., energyec: [€V] 1.12 5225 | 8500
system allows top-up injection mode into the Storage Ring

X . ) coupling 100% 10% 1%
(SR). Transfer lines drive the beam from the Linac to the | -~ sizeg, [mm] <18 <03 | 0.062
Booster (LTB), and from the Booster to the Storage (BTS). ., /ms sizeg, [mm] <18 | <010 | 003
Beam diagnostics systems are required for the initial ma
chine commissioning, and, in routine operation, they are
intended to improve machine performance. VISIBLE SYNCHROTRON RADIATION
We call Synchrotron Radiation Monitors (SRM) to those MONITORS - VSR

beam diagnostics systems that take the light coming from a , o

magnetic element (in our case, a bending magnet) and use'2Ple 2 lists the distribution of SRM along the ALBA
it to obtain a transverse image of the electron beam. Th@CIIIty (Trarjsfer lines, Booster, and S_R,)' The.baS|c con-
image is then analyzed to infer the horizontal and verticzi‘\l(_eptuaI design for the SRM along the injector is shown in

beam size. The beam transverse sizes depend on the 8- 2.

tice parameters. Typical values for these sizes through the Table 2: SRM at the ALBA synchrotron.
accelerator system at CELLS are listed in Table 1. LTB | Booster] BTS | SR
VSR | 2 3 2 1
vertically integrated flux, | = 0.2 mA XSR - - - 1
= 10" LTB ——
g 10 Booster —— The photon beam produced by the synchrotron radiation
§ 10° when the electron beam traverses the bending dipole is ex-
B tracted through a window, which can be made of sapphire
3 W to enhance the transparency in the visible range. The mir-
é . ror (in air) is added to direct the light 9@own, so that
g 10 the optical equipment is not exposed to the beam radiation.
X 10° The slit, or diaphragm, provides an aperture limitation to
o0t decrease the detrimental effects of the depth of field (see
10" 10° 10° 10~ 10° 10° 10° 10° 10" 10 . .
electron energy [eV] below). Finally, a lens focuses the image to the CCD cam-

era. An alternative method is to place the mirror inside
Figure 1: Fluxes along in the injector and SR for a bearifie vacuum chamber (before the sapphire window), but we
current of 2maA. much prefer the configuration described here to avoid com-
plex cooling systems in the mirror.
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ccb ﬁ where L; is the distance from the object position (beam
Lens —— inside the dipole) to the pinhole position, ahgd s the dis-
sit ! tance from the pinhole (sheet) to the screen where the im-
S age is formed. The screen resolution limitation is avoided
Dipole o ! if the magnification, i.e. the ratifi, /L, is large enough.

System geometry
electron

beam The pinhole widthw must be chosen in a trade-off be-
_ _ ) o ) tween blurring and diffraction effects. The rms image
Figure 2: VSR schematic layout in an injector dipole. Thepgise” produced by the blurring effects is,

mirror reflects the light 90down or up.
o w(L1 —+ Lg)

JL 3)

The image is affected by optical effects that have to b@hile the diffraction effects produce an rms signal of
taken into account. Theurvature limitmakes the intrin-

sic beam profile to be further augmented by the horizontal e — V12 ALy 4)
broadening due to the curvature within the dipole. But the it dr ) w

most image limiting effec? IS thdepth Of.f'eld Wh".:h ac \where is the wavelength of the light. This noise is mini-
counts for the curvature limit and the distances in the op- . . . oo )
. ) ) L - ..mized when the diffraction contribution equalizes the blur
tical system: a point source produces a point image if the . . . :
: . : . : ring effects (see Fig. 3). This plot shows the diffraction
point source is at focus, but its adjacent points are out-of fQ : L
and blurring effects consideringda= 12 nm (correspond-

cus. If we calld; the distance from the source point to the L .
) . ng to the peak emission for Molybdenum), which sets the
lens, andi, the distance from the lens to the image (CC . . .
optimum pinhole width tav,p, ~ 20pm.

screen), the apparent length is [1]

Obpl

Odof = 9(62/2)d2/d1 ) 1) 90 + ‘ ‘ " blurring’ —— |

diffraction

wherep is the curvature radius in the bending magnet, and
0 is the fan width. This limit is not relevant if the detector
uses the x-ray part of the spectrum. The aperture restric-
tion in the horizontal plane (slit shown in Fig. 2) limido

vertical beam size image, L,/L Uy

(o)}
o

rms width [um]

minimize this effect. However, in practical situationssthi 30 Wopt
aperture restriction is often not needed because the dptica
system only focuses the centered image, and thus the adja-
cent points do not disturb the final image [2]. 0 : : : :
0 20 40 60 80 100

The lens will introduce some chromatic effects. To ac-
count for these effects using the visible part of the spec-

trum, we plan to use a double achromatic lens. Note thﬁgure 3: Blurring and diffraction effects as a function of

the depth of field does not affect the image in the vertical,o innole widthyw. The dotted line shows the rms verti-
plane because curvature only occurs in the horizontal plarlteal beam size considerirgs /L, = 2.

pinhole width, w [pm]

X-RAY SYNCHROTRON RADIATION
MONITORS — XSR From Eq. 2, it follows that small values @f; and large

values of L, are desired. This condition is limited by

In the SR, because of low emittances and high energlie available space between the SR dipole, shielding wall,
beams, the beam transverse size is typically in the saraad the required instrumentation to easy alignment, vac-
range as cameras resolution (arounduh®. The simple uum and safety issues. The final distribution is sketched
principle of a pinhole system is widely used in synchrotrotin Fig. 4. A detailed description of the components in the
light sources to overcome this limitation. Since imagingeam line can be found in Ref. [3]. Taking into account the
using the visible range is diffraction limited, the pinholespace for these components, the lengths for the XSR are
system has to use the x-ray part of the spectrum of the syp; = 6 mandLy, = 12 m.
chrotron radiation. We decide to place the filters in front of the pinhole sheet

In a pinhole system, the image of a beam with generab decrease the heat load into the pinhole sheet. This avoids
transverse size,, (the subindex: denotes either the hori- the design of arad-hocsystem to cool down the pinhole
zontal or vertical direction) is amplified in a pinhole syate sheet. The filters are required to 1) control the photon flux

by: (to avoid screen saturation), and 2) produce a monochro-
Timage = OuLlo/L1 , (2) matic light to avoid possible chromatic effects. The présen
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Storage Ring Front End at Ultra High Vacuum Pressure Front End at Atmospheric Pressure
photon p|nh0|e 22;):(5:10
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Figure 4: Sketch with the required components to be instéiedhe XSR [3]. Distances are not to scale.

12 mm

material choice is Molybdenum, whose emission peak is at
17 keV (A = 12 nm).

Finnally, after 12 m of drift space, the image is formed
in a phosphor screen and an optical system (similar to the Tmax = 102°
VSR) transports the image from the phosphor screen to the
CCD camera.

ww 9

Tmin = 26 ©
—>

Heat load : L
Figure 5: Temperature distribution in the XSR vacuum

The heat load in the XSR components produced by symvindow. Courtesy of B. Calcagno [5].

chrotron radiation must be carefully considered to avoid

possible detrimental effects. The power received by each

component when the electron beam traverses a SR bending SUMMARY

magnet at nominal conditions (3 GeV energy and 400 mA The effects to take into account when designing SRMs

current) is shown in Table 3. Most components can besing the spectrum produced by an electron beam as it

bought “off-the-shelf” with the appropriate cooling syste crosses a bending magnet are reviewed. We propose to

(photon shutter, slit, etc). install enough SRMs to be able to follow the beam size

olution from the Linac exit until the beam is stored in the

. Designs to improve performance of VSR and XSR are
presented. For both designs, but especially for the XSR, the

component| PMOIOM | gy | screen | vacuum | g, o components location have been chosen to reduce the heat

shutter monitor | window load produced by the synchrotron radiation.
power W] | 195 | 130 65 45 20

Table 3: Heat load at the XSR components. The power é
the pinhole (downstream the filters) is less than 35 mW.
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