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Abstract The gas pressure varies with the total beam curgeiuel

Gas injection experiments have bgenformed togain a to desorption effects as:

better understanding ofthe effect of local vacuum <P>=<pg >+ <f >0t 2
conditions on beam lifetimeand gas Bremsstrahlung. dit
Various gases (5] Ny, Ar) wereinjected up to a pressure

of 5e-6 mbar into the storage rinduring machine here <dP/db is the average gas desorption coefficient.
operations, with various currents, energies, ID gaps andrhe inelasticheam-residuaias encounters give rise to
machine fillings. Results of lifetimandgammadoserate gremsstrahlung gamma rays causing a presigpendent
measurements at different pressure conditavaspresented peam loss and the lifetime can be evaluated [2] by:

and discussed.
X]
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1 LIFETIME DUE TO GAS DENSITY CWJZPJ'
The vacuum system of the ELETTRA storage ring haghere c isthe relativistic electrowelocity and W is the
been designed to guaranteeg lifetimes ofstored beams propability of theelectronbeing lost from themachine
I.e. at least ten hours with 300mA at 2 GeV. The t0igkr radiation length X traversing a material witlnsity
lifetime in an electron storageng is mainly determined o  Both the radiation length as well as thematerial
by: i) elasticand inelastic scattering on theesidual gas density can bexpressedising the atomic weight A, the
molecules, ii) Touschekffect, i.e. scattering of electrons atomic number Z and the molecular partial pressuresf P
within the bunch, iii) trapping ofhargedparticles in the the gas present in the vacuum chamber. The gas
beam potentialand iv) quantum lifetime. In the composition used to be represented by hgpothetical
ELETTRA synchrotron lightsourcethe total lifetime is  monatomic gas with Z = 4 to 5. Asan beseen, to
Touschek dominatedFor our purposes, thenachine cajculatethe beam lifetimedue tothe gas density, the
setting parameters, e.g. RF cavities temperatanashine  ayerage values of pressures, atomic numbersaegosed
files, etc.are considered@nplicitly as constanparameters gy characterizehe vacuum conditions in thehamber.
and areomitted in this work, as well as quantueffects However, the storage ring vacuum systemeigipped
which are only important for machines witkextremely ith pumpslocated at a regular distanfrem each other
small apertures. and the pressure presents a parabolic distribution with

In this paper, we focus on lifetime measurememser minima at the pump locatiorand the term average
different vacuum conditions. The higher the operatingressure isonly used to evaluatethe pressurebetween
pressures the largéme cross sections of both teBStic  these two extremes. From the vacuum point of view, the
and inelastic scattering and the probability of tappINg  operating pressure P in the ring is given by:

canalsoincrease inthe presence ohigher ion masses in Q
the vacuum chamber. p=_1T (4)
The elastic scattering lifeting| is usually expressed as: S

where ¥ is the total gasoad which is the sum of gas

1 ZZP B B 0 loadsdue toleakage (@), out-gassing (®), permeation
~ (< By > X0, cg > Y2y (1) (Qp) and induced desorption (QThe pumping speed S is
T dlagtic E2 A)Z(O y A32/O a dynamic parameter which variegth pressureTowards

lower pressures the pumpingpeed exponentially

where E isthe beam energy, P is the pressure of a gggmnlshes in timeand the real, or socalled "effective"

with atomic number Zaround the ring, xy> the pumping speed(assuming theproper conductance of the

averageB-functions around the ring and,4\, the limiting tpukmp; ctonnecnont to3theA\/|?ctL;]mhamber) &f has tot be
transverse half apertures. aken into account [3]. ese vacuunparameters

determining the operating pressuretlive ring are strictly
local values. The thermaind induceddesorption as well
as the permeatiordepends onthe local degree of
‘URL: www.elettra.trieste.it cleanlinessand onthe material quality of thevacuum
chamber walls. If the storage ring is not perfectly tight the
gas load from leakage is also rigorously localized.
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The pressure in the ELETTRA storage ringnnitored -6
by means of sputter-ion pump (SIPg)essurereadings E oressure bumps'
[4]. In each of the 40 m long vacuum sectors, 25 SIPs are /'

nitrogen

installed. Pressure profiles in all six vacuum sectors are
displayed onthe vacuum panels in the control room.  15-7 .
From the pressure valueg ([N (=150) is the totahumber 3
of pumps) the average pressure is calculated as:

[mbar]

=
o
'
[ee]
il

N
<P>=53 P/N ®)
i1

Pressure

Equation 5 is only an approximati@mnd doeshot always 10-9
reflect accuratelyhe real vacuum conditiorend tosome
extent the observed lifetime behavior. For example, in the

case of avacuum leak, a local pressuexceeding the 1 no gas
normal operating pressure level by 2 to o&ders of 10 0
magnitude can beproduced. Insuch cases alifetime -400 -200 0 200 400 600 800

decrease isisually noticeable (a variation of about 30%
less in mostcases). However, tha@veragepressure given ) S
from eq. 5 is affected onlglightly and doesot appear to Fig- 2 - Pressure bumps created by nitrogen injection
fully explain the observedlifetime. To understand better

the role of localpressure on the beam lifetindeie to gas 3 RESULTS AND DISCUSSION
density the following experimental apparatus thesefore
been installed in the ELETTRA. 16

ID Length [cm]
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2 EXPERIMENTAL APPARATUS - ARGON

The drawing ofthe gas injection system allowinglacal
pressure increase in the storage ring is shown in fig. 1:

8 NITROGEN

Lifetime [hours]

E 292 to 276 mA at 2 GeV

T T T
1071 10° 1002 10
Dynamic pressure [mbar/mA]

-12 1 10 -8

10

Fig. 3 - Total lifetime decrease caused by local dynamic
Fig. 1 - Experimental arrangement allowing gas injection pressure increase

into the ELETTRA storage ring ) ] o
Fig. 3 clearlyshows that in thease ofAr, a minimum

It is possible to inject through the dosinglve local pressurencrease leads to aimmediate lifetime
different gases (H, Np, Ar) into the insertiondevice reduction. This effectis less pronounced injecting nitrogen
vacuum chambelD_S3 and to create docal "pressure but atdynamic pressures higher than le-10 mbar/mA the
bump" up to 8e-6 mbar. In Fig. 2 many such bumps difetime decreases ar¢he same for both argon and
shownobtained byregulating the gas flow. Thaverage nNitrogen. On the otherandthe hydrogen ‘pressureump’

pressure values monitored during all thdescribed Causes a negligible lifetime decrease up to a Idgahmic
experiments never exceeded 6e-9 mbar. pressure of 1e-9 mbar/mA. It has been albservedhat,

switching off the SIPs, a uniform operatimgessure
varying from 3e-9 up to 7e-9 mbar waseated in the
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whole ring without anymeasurable change ilifetime with G=3.e-4uGy/h/mA and C~3.5e+3Gy/h/mA/mbar
whereas athe sameaveragepressure (agefined ineq. 5) as expectefb]. On the contrary, the gassagected did

of 5e-9 mbar with theressurebump of nitrogen, the not affect the bremsstrahlung gamma rays emission
beam lifetime changed by as much as 30% (250 mA at&tected by a referen@enization chamber installed at the
GeV). end of another straight section of the ring.

Since the pressure is measured only at certain pointsDafta showedhat any localincrease of pressure in the
the ring with an accuracy that is increasing witlessure, straight section chamber, although not preventiegm
expression (1) should hesedwith carebearing inmind injection and storage, can cause, from rduio-protection
that it is valid for homogeneous pressures arounditite  point of view, a significanincrease of radiation levels
Thus for large deviations from homogeneity it may beutside the shieldingroundthe corresponding beam-line
preferable touse the dominant gas species with thexit.
highest local pressure fothe estimations ofelastic Studies of ion trappingduring the Gas Injection
scattering lifetime. Additionally eq. (1) does not tak®® Experiments (GIE) have beaaported elsewher®]. Here
account the effect of local partial pressures of out-gassiiigis enough to mention that observations lbéam
species and subsequently local desorption coefficients. characteristics were carried out for various beam

During the gas injection experiments, bremsstrahlumgnfigurations, currentsand energies. Theincrease in
gamma rays measurements have hmmformedfor radio- vertical beam size with beam current that occurs only with
protection purposes in a namstricted area outside the high local pressure and 100% fillirapd which is large at
shielding wall. low energy, is clearly evidence of ion trapping.

4 CONCLUSIONS

: Al_rgon The Gas Injection Experiments at ELETTR#e very
0104 Nitrogen useful not onlybecausethey help in understanding the
® Hydrogen validity of approximationsused but also because they

reveal valuable information on the behavior \afcuum
chambershaving a highempressureprofile. New straight
section vacuum chambensadefrom extrudedaluminum

are to be installed and these studies will highly help us to
better analyze any future complications.
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The gamma monitor iplaced atabout 3 m from the
beam-line hutch in a positioalignedwith the straight
section. It detectsthe secondaries generated by the
bremsstrahlung gamma rays after interacting with the first
optic component of the beam-line, such as the first
mirror, and after the attenuatiordue tothe lead shielding
wall placed in the beam-line hutch.
The plots of gammaose rates normalized per mA of
stored current as fanction of the local pressures in the
chamber obtainedvith Ar, N, and H, injections, are
shown in fig. 4. Fitsindicate a lineardependence
according to:

G= Go +cZP (6)
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