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Abstract radiation and resistive wall heating have beenutaled
One of the still open issues for the development ¢ind compared for the cold vacuum chambers installed

Superconducting insertion devices is the under'ﬂhgndf different ||ght sources with the measured valueke T
the beam heat load. With the aim of measuring erb disagreement between beam heat load measured and
heat load to a cold bore and the hope to gain petee calculated is not understood [1, 2, 3].
understanding in the beam heat load mechanismslda cStudies performed with the cold bore supercondgctin
vacuum chamber for diagnostics is under constrctio
The following diagnostics will be implemented:
i) retarding field analyzers to measure the
electron energy and flux,
i) temperature sensors to measure the toti
heat load,
iii) pressure gauges,
iv) and mass spectrometers to measure the g
content. B
The inner vacuum chamber will be removable in otder
test different geometries and materials. This \allbw
the installation of the cryostat in different synatnon
light sources. COLDDIAG will be build to fit in ahsrt
straight section at ANKA. A first installation ahe
synchrotron light source DIAMOND is foreseen in dun
2011. Here we describe the technical design reyfdttis
device and the planned measurements with beam.

INTRODUCTION

Superconductive insertion devices (IDs) have highe
fields for a given gap and period length comparéith w
the state of the art technology of permanent matipet
This technological solution is very interesting for
synchrotron light sources since it permits to iaseethe
brilliance and/or the photon energy at moderatetscos
One of the key issues for the development o
superconducting IDs is the understanding of thenbea
heat load to the cold vacuum chamber.
Possible beam heat load sources are:

1) synchrotron radiation,

2) resistive wall heating,

3) electron and/or ion bombardment,

4) RF effects.
The values of the beam heat load due to synchrotr

~ Cryocooler

lf:igure 1: Sketch of the cryostat

undulator installed at the synchrotron radiatiorurse
ANKA suggest that the main contribution to the beam
heat load is electron bombardment. The electron
bombardment model appears to be consistent with the
beam heat load and the dynamic pressure rise aaberv
for bunch lengths of about 10 mm [2]. Low energy
electrons (few eV) are accelerated by the elefild of

We beam to the wall of the vacuum chamber, incare
thermal outgassing from the cryogenic surface asat h
the undulator.
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Figure 2a, b: Overview of the diagnostics installeCOLDDIAG

In order to gain a quantitative understanding ofé th(UHV). A DN100 CF stainless steel 4-way cross
problem and find effective remedies we have designe separates the two vacua (fig. 1). The beam vactign (
cold vacuum chamber for diagnostics [3] to be iledain  marked in yellow) includes all the diagnostic degicas
synchrotron light sources. The goal is to meadueeheat well as the liner. This volume will be pumped w500
load, the pressure, the gas content and the fluk almin ion pump. In addition during cold operatidretcold
spectrum of the low energy electrons bombarding thHsore of the chamber works like a cryopump. A base
wall. pressure of about 1 mbar is expected in the UHV
A first installation in the DIAMOND light source is vacuum in absence of beam. The usage of bellowwsll
foreseen for June 2011. In the following wescribe the for the thermal shrinkage of the cold parts as tbegl
technical design report of this device and the péah down The bellows are optimized to minimize the heat
measurements with beam. transfer. They are also equipped with RF-fingers.

In order to simulate the liner of superconductingeition

devices the liner must be cooled down to reach #h K

THE VACUUM CHAMBER absence of beam. COLDDIAG is cryogen-free and abole

COLDDIAG consists of a cold vacuum chambe?Y @ Sumitomo RDK-4150 cryocootl1er. Tdhe Sﬁ;;;lgas 3
: : temperature stages: 300K, 50K at the radiatio ;
located between two warm sections (fig.1), onerepst éK at the liner. Calculations of thermal radiatiand

conductance show a heat load of 44.4 W on thedshiel
50K, and 0.65 W on the cold liner at 4K. With a
maximum cooling power of 35 W at 50 K at th&stage

influence of synchrotron radiation onto the beanathe
load and to make a direct comparison of the crymgen

and room temperature regions.
The electron beam will go through a liner desigtmde of the cryoc_:ooler and 1.5 W ‘T"t 4.2 K at tHE stage one
cryocooler is enough to obtain about 4 K on therlim

exchangeable. The first liner that will be tested a
DIAMOND will be a stainless steel foil 100 pm thick?bsegce of beam. he | | bodi
pltedwith 30 m of copper. embedded i coppesmr 121451 © SBE1eS e o ey Seuons e,
thermal stabilization. For the diagnostic port fe tcold auSss v'viII be woundparound %n one of the long aofns
section a design based on the COLDEX device [4] W% . A
chosen. The diagnostic devices are connected todide ?Le cold UHV cross (symbolized by the red spirafig
liner through a ‘warm finger’ to avoid gas conddita )-

along the path liner-diagnostic device.

The vacuum system of COLDDIAG consists of two

volumes: the isolation vacuum and the beam vacuum



DIAGNOSTICS
The following diagnostics will be implemented:

i) temperature sensors to measure the total h
load,

i) retarding field analyzers to measure th
electron flux,

iii) pressure gauges,

iv) and mass spectrometers to measure the ¢

content.

In total 38 temperature sensors will allow to monit
the status of the chamber and measure the beanohdat
8 calibrated Hereaus C220 PT100 sensors in eatmeof
warm sections and 16 calibrated Lakeshore Cerndg-10
SD in the cold section are placed directly on therlfoil
(fig. 4a, b) by spring loaded screws. This givesthes
possibility to obtain not only the beam heat load &lso

e

be homogeneously deposited on the cold liner Taldo
so we warm up the liner with the installed heaterabout
§0K. This will clean the liner surface as the ingjlpoint
of the most gases in the storage ring is below this
temperature. Together with the cool down of therlithe
gas will be injected until cryopumping of the caldrface
starts. At this point, which will show up as a dedim
pressure decrease, the gas injection will be sthppe
Séveral tests outside the storage ring the amotfint o
deposited gas will be checked by warming up therlin
again and measuring the pressure increase of stz
gas with the RGA'’s.

PLANNED MEASUREMENTS
During normal user operation the temperature, elact
flux, pressure and gas content will be monitoreddiect

the heat distribution on the liner. To calibratee th statistics. During machine physics at DIAMOND warpl
temperature sensors to the beam heat load we useta@hange:

ceramic heaters, which will be placed directly ba liner
foil to simulate the heating from the beam (fig, Ba

In each of the connection pipes (fig. 2a), betwten
liner and the diagnostic ports a small half mooaps
retarding field analyser (RFA) will be placed taaib the
electron flux of the electrons impinging the wdluring
calibration of a similar RFA for the ANKA storagimg at
INFN in Frascati it turned out, that it is not pis to
obtain the electron distribution with the curreatup [5].
This might be due to a background of secondarytreles
produced inside the RFA. At the moment we are rigsti
an improved setup using a lock-in technique. Toesthe
problem of the secondary electrons produced inrRRA
we use an AC voltage inductively coupled to thandinhg
grid and detect the signal on the collector ple¥éh this
setup we can directly acquire the first derivatofethe
electron current on the collector, which gives g t
electron energy distribution.

1) the average beam current to compare the beam hea
load data with synchrotron radiation and resistivall
heating predictions,

2) the bunch length to compare with resistive \mathting
predictions,

3) the filling pattern in particular the bunch simacto test
the relevance of the electron cloud as heating
mechanisms,

4) beam position to test the relevance of syncbrotr
radiation and the gap dependence of the beam dedt |

5) inject different gases naturally present in theam
vacuum (H, CO, CQ, CH,) to understand the influence
of the cryosorbed gas layer on the beam heat load a
eventually identify the gases to be reduced inbibam
vacuum.

SUMMARY
In this paper we reported about the design and the

At each of the three diagnostic ports, an invertefbreseen diagnostic devices of COLDDIAG. First destt
magnetron gauge (minimal measurable pressuré’ 10he experimental setup will take place at ANKA afte
mbar) and a residual gas analyser will be instalted delivery in summer 2010. A first installation of
monitor the total pressure and the gas conterfteobeam COLDDIAG at an electron storage ring is planned for

vacuum. The middle diagnostic port will also beipped  june 2011 in the DIAMOND light source.
with an extractor gauge, which is more sensitivantthe

inverted magnetron gauges (minimal measurable yress
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