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ABSTRACT According to the theory of electron stora@egs, the

equilibrium electron bunch lengtls, ,, scales as [2],
Installation of a 2858/Hz RF systeninto the XLS 3 12,
compact electron storagang would allowthe generation of Ol (GE /w’_f V”_) ' _ @)
millimeter wave coherent synchrotron radiation. Operating &0, to make short bunches implies: 1.) redutivegenergy of
150 MeV, one could produce bunches containingherorder the ring (E), 2.) increasing the Rfoltage (\kp), 3.)
of 2x10 electrons with a bunch lengtiw ,= 0.3 mm, increasing the RFrequency @gg), and/or 4.) reducing the

resulting in coherent emission at wavelengtheve0.8 mm. Momentum compactionj. _

The characteristics of the souraed theemitted radiation are In this paper we willdiscussthe potentiafor short

discussed. In thease of 100mrad horizontalcollection Punches in theXLS ring using acombination of the first

angle, the averagpower radiated in the wavelength bandhree techmques in thabovelist. We consider a 2856 MHz

1 mms< A < 2 mm is 0.3 mWor single bunch operation andRF Systemwith a large RF voltage (= 1.5 MV) at low

24 mW for 80 bunch operatiofthe peakpower in a single €M€r9Y (E = 100-200 Me\"/) to produce"submllllmeter el_ectron

pulse of a few picosecond duration is on the order of one witnches. In Table 2 the "zero current” bunch length,, is

By reducing the momentum compaction, the bunch lendigted as a function of energy ftitis RFsystem. Bunches of

could be reduced t@,, = 0.15 mm, resulting icoherent 0.2-0.5 millimeters arepossible if there are no other

synchrotron radiation down to 5Q@n. deleterious effects to lengthen the bunch. The reduction of the
momentum compaction can hbeed in a second phase of the

| INTRODUCTION project to further reduce the bunch length.

Synchrotron radiation in an electron storage ring is a Ring Energy [MeV]| o, [mm]
result of incoherent spontaneous emission. The radiated 100 0.17
power is directly proportional tthe number of electrons in 150 0.32
the ring, N.However, ifthe electrons can kmacked into a 200 05
"small bunch" it is possible to obtain coherent synchrotron Table 2: Bunch Length versus Ring Energy
radiation proportional to Nfor wavelengthghat are larger
than thebunch length X =1t ,). Numerous authors have Il. ELECTRON BEAM PROPERTIES
discussedthe theory of coherent synchrotron radiation
including emission from electrons in a storageg (see The preceding discussion did not take into account

reference [1]and thereferences therein). Experimentallyany electron beam intensity dependent effects. It was

coherent synchrotron radiatig6 SR)hasonly been observed implicitly assumedhat thepeak current K, = Nec/\/EroL )

from linac beams coupled to a bendingagnet, it has not ) )
been observed in a storage ring. in the electron bunch ibelow the so callednicrowave

There is potential for producing short electroinstability threshold as given by the following formula [3],
bunches in the existingLS ring at BNL to studycoherent IM[A] < 2muo E[eV] @)
synchrotron radiation in a storagmg. A summary of the PEET (Zz o Im[Q]

main parameters of theompact, racetracktyle XLSring is whereZ / n is the broad band longitudinal coupling

given in Table 1. impedance of thering divided by the mode number

n=w/w,. Exactly whatthe value of Z/ mshould be for

Epergy, E [MeV] 200 short bunches is difficult to answer ##s is asubject of
Circumference, C [m] 8.5 active research. In order to proceed we will assunvera
Dipole Bending Radiug [m] 0.604 conservative value of Z  a10Q.

Betatron Tunes,v,, v, 141,041 Requiring the electron bunch lengths to these
Momentum Compactiory 0.322 given by the valudor the 2856VIHz RF systenwith Vg =
Energy Loss per Turn, {J [KeV] 0.234 1.5 MV, the threshold peak currents are calculatedlisted
Longitudinal Damping Timet,,  [ms] 19 in Table 3 along with the equivalent average currents or
Natural Emittanceg, [nm-rad] 59 2 number of electrons per bunch. The large value of the

Table 1: Main Parameters of XLS Storage Ring momentum compaction in thXlS ring @ = 0.322) is



advantageous for increasiripe threshold currerior low

energy operation. Frequency [MHz] 2856
Peak VoltageV, [MV] 15

E O Ogo N I N Effective Gradient [MeV/m]| 5.8

MeV] | [mm] | [10] | [a] | [pA] | [20'] N cei 5

100 | 0.17 | 1.0 0.20| 10 | 0.18 Ran/Q [Q] 240

150 0.32 1.5 0.66| 62 1.1 UnloadedQ, 10°

200 0.49 | 2.0 1.62] 234] 41 Lot [M] 0.8

Table 3: Microwave |nStab|l|ty Thresholds for the XLS Table 5: Superconducting 2856 MHz RF System
Storage Ring with Z/ = 10Q
The computeccode ZAP[4] was used to determine IV. SYNCHROTRON RADIATION

the equilibrium parameters of th&LS electron beam
including theeffects ofintrabeam scattering (IBS). The final Before discussing coherent emission of synchrotron

properties of the electron beam, accounting fomgowave radiation webriefly outline incoherent emission where the
instability thresholdand IBS are listed in Table 4. Forintensity of radiation is proportional to the number of
energieselow150 MeV, IBS increases evéme longitudinal electrons in a bunch. The radiation emitted by a relativistic
dimensions of the beam. Fdhis reason wefocus our electron moving in a magnetic field is called synchrotron
attention on energies in the range of 150-20€V where radiation. The spectrum of the radiationviary broad band

bunches witho = 0.3-0.5 mm andl-4x10 electrons but it is usually characterized by a so called “critical
should be possible. The lifetime of the electron beam has ba@yelength” given by [7],
estimated to be: 1.5 hours [1]. Thidifetime is morethan A [A]= 18.64 _ 3)
adequate. In addition, théng will be injected with a full Bo[T] E2[GeV]
energylinac, allowing operation in "topff" mode withvery Thusfor the energies of E = 150 & 200eV in the
little decay in the electron beam current. XLS ring thecritical wavelengths ark, = 1004 A & 423 A
respectively.The incoherenpower (R,) per milliradian of
E N oL Oy Oy O¢ horizontal arc §) and integratedver all vertical angles is
[MeV] | [10'] | (mm] | [mm] | [mm] | [107] proportional to the number of electrons and is given by [7],
100 018 | 032 | 034 | 020 21 )1 watts . _842x10° " [m] ]Ampg 0a)
150 1.1 032 | 031 | 0.19] 15 "X mrade - mnl N3 [mmi
200 4.1 0.49 0.32 0.19 2.0 for A >>A. which is the regime of intere$br the present

Table 4: Final Parameters of the Electron Beam in the XL

) %iscussion of coherent emission. this wavelength regime
Storage Ring

the power isindependent of theenergy ofthe ring and

H H 1/3
IIl. 2856 MHZ RE SYSTEM depends onlly weakly othe r|r.1gpz.irameters, i.e.p. As
such, for a fixed current, one ring is as good as the next.

The key to achieving sulmillimeter bunches is the
use of ahigh frequency RF system. Although to date most V. ESTIMATE OF COHERENT RADIATION
storagerings have RF systemwith frequencies at obelow
500 MHz, the MIT-Bates South Hall Ring makese of a The above discussion of synchrotron radiation
single cell, normal conducting, BHz CWlinac structure as ignored any coherenceffects that may be present when
its RF system[5]. For a normal conductingavity, the electrons arepacked into small bunches. The qualitative
average accelerating gradietitat can beachieved is 2 argumentor the enhancement of radiation duectherence
MV/meter. This limit is set by the ability to remokieatfrom effects is as followsWhen electrons are bunched into a
the copper cavity before excessiwfistortion detunes the region with a dimension significantly lesshan the
cavity. Therewould need to be 3 accelerating sections, eagf@velength of the radiation being emittea| the charges
having five cells, which is too large to fit in the ring. radiate in phase like one macropartieled the radiation

To achievehigher gradients and towerthe overall output is proportional to A Numerous authors have done
power requirements we propossing a Superconducting RFquantitative analyses of the cohereetfects forelectrons in
cavity. The present thinking is to stretch ttiecumference of @& Gaussian bunch of dimensiors, ,0, & o, the results
ghe ring to 9-?} m tgrovide f’?Or:e ;g;;e fahe CaVité’ and will simply be reviewedere [8]. The coheremower , P,

iagnostics. The properties of the Z superconducting . . - :

RF system to be used tine XLS ring aregiven in Table 5. A 'S given in terms of the incoherent powey, BY,
more complete discussion tfe RFcavity can befound in Pen(A,0() =[1+(N-DTH(QA, 0 )] [R..(N) ®)
reference [6].



where H()\,OL)=ex;{— eroL)Z/)\z] for a Gaussian

electron beam. For wavelengths short compared to the
electron bunch length the incoherent spectrunmniffected, ——
but for wavelengths omhe order of the bunch length andg
longer, the radiation output is enhanced by up to a factor Qf
N. For wavelengths largethan a few centimeters the
radiation will be suppressegecause these wavelengths arez
below the cutoff of the storageing vacuum chamber which ~_
has a full aperture vertical dimension of 35 mm. =
In Figure 1 we plot the coherent spectpalver for
the wavelength range of 0.1 ne\ < 10 mm for the electron
beam parameters given in Table 4. For comparison t@'
maximum incoherent power assuming a circulating current of
one ampere is also plotted in Figure 1. It can be sesrfor
wavelengthsh > 0.8 mm there is an enhancement of the
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radiation outpubeyondwhat is available on th¥LS ring or
any other ring for that matter.

To determine howmuch coherentpower is in a
given wavelengthrange we integrated equation (byer
several ranges of wavelength tbie two bunch lengthso,

= 0.3 & 0.5 mm, and tabulated the results in Table 6.

Figure 1: Comparison of Incoherent & Coherdmwer
versus Radiation Wavelength fathe XLS Ring. For
incoherent emission, | = 1 ampeasdfor coherent emission
the currents are taken from Table 4.
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