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Abstract tion efficiency at full power. The specified transverse beam

. . . arameters at the wiggler constrain the emittance in the in-
Jefferson Lab is developing 8 MeV injector to pro- P 99

vide an electron beam for a high-power free-electron las erct'or to be “I.(EWISe small (F|g. .1)' Therefore, n order to
(FEL). To characterize the transverse phase space of t%enfy t.he emittance frqm the |n!ector fgr operathns, two

' ; ace of Miltislit transverse-emittance diagnostics are going to be
space-charged-dominated beam produced by this inject
we designed an interceptive multislit emittance diagnosti

Mstalled (Fig. 1) in the injector. A first monitor, located at

It incorporates an algorithm for phase-space reconstructigrﬁe cryounit exit, W.IH provide the necessary information to
and subsequent calculation of the Twiss parameters aﬁ?t the four matching qugdrupoles of the downstream tele-
emittance for both transverse directions at an update ra eOpE."' Thg sepond device allows b'egm parame't ers at the

. : . Injection point in order to check the injector and linac are
exceedingl Hz, a speed that will facilitate the transverse- roperly matched
phase-space matching between the injector and the FEES perly '
accelerator that is critical for proper operation. This pa-
per describes issues pertaining to the diagnostic’s design. 2 MULTISLIT TECHNIQUE
It also discusses the acquisition system, as well as the sa[.té

. . S hni f phase- mpling for emittance mea-
ware algorithm and its implementation in the FEL control chniques of phase-space sampiing for € ta ce mea

. X . . surement are widely used for space-charge-dominated
system. First results obtained from testing this diagnost

in Jefferson Lab’s Injector Test Stand are also included. E?:m;t' gg:cliggaplsstigosfsl?cgyor:sec;rnsse\é?rz:qsﬁ:gfegﬁﬁg]
mask in which small apertures have been machined. The
1 INTRODUCTION beamlets retain the transverse temperature of the original
beam at such low charge that space charge forces do not

ff Lab i ildi le high- free- . C
Jefferson Lab is building a tunable high-power reec_ontrlbute significantly to the transverse momentum. The

electrpn Iaserloperatmg'm the mid-infrared to study tec eamlets drift through a length long enough to allow the
nologies required for high-average-power operation [1]:

ransverse momentum to impart a measurable contribution

0 the transverse position. The phase-space parameters can
en be computed using the second-order momeft$)(

(z?), (zz') ) of the beamlet profiles [2]. There are sev-

Achromatic bending system eral types of emittance monitors reported in the literature

Solencid Cryounit Telesope Multisit mask 2 whose differences are essentially in the type of selecting
/ apertures (pepper pot, slit,...) and the profile monitor used

OE(OO (wire-scanner, fluorescent screen, ...). Among the different

This FEL incorporates 850 keV photocathode gun ca-
pable of generating a charge-per-bunch beam of typical
135pC. After acceleration with two CEBAF five-cell su-

methods we choose to intercept the beam with a multislit

Solencid Multisiit mask 1 mask [3,4] since it provides the fast and precise measure-
Buncher ment we need during the commissionning and operation of
Protocathode Ex-gpmmmred, Ox=Lomm, Ox=03mred our injector. The multislit assembly consists of a series of
y=6.2mm-mrad, Oy=1.4mm, 0'y=0.2mrad i A . . X i
€ x=6.6 mm-mrad, Ox=23mm, O'x=055 mrad slits which collimate the space-charge-dominatedincoming

€y=6.0mm-mrad, Oy=2.3mm, 0'y=0.47 mrad

beam into the emittance-dominated beamlets that drift up
to a profile monitor, an optical transition radiation (OTR)

Figure 1: Schematic of the FEL injector. Normalized emitY//EWEr In our case. The principal drawback of this diag-

tance, beam size and beam divergence3atpC bunch nostic is its narrow emittance acceptance compared with

charge are given at the cryounit exit and the injection poir}cfther methfqu PES]. There]l;ore vr\]/eihop;tlmlzr?d thehsht de\:,lgg
according to PARMELA. or a specific charge per bunch that we have chosen to be

the full operating charge:35 pC.

perconducting cavities the beam islatMeV and injected

via an achromatic bending system into the driver linac that 3 DESIGN CONSIDERATION
accelerates the electrons up to abéiMeV prior to the 3
wiggler interaction. The transverse emittances at the wig-
gler location are required to be small (less th&mm- Due to mechanical constraints, a drift distanicpwas cho-
mrad) to operate the laser with a high gain and high extrasen to be520 mm. The choice of the geometric parameters

1 Analytic Conditions
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eparmELA (MM-Mrad) egrprripvep (MM-mrad)  vacuum chamber. In order to reduce the deposited power

8.094 8.077 below the damage threshold ¥ we will use a low duty
3.947 4.014 factor beam mode for emittance measurement, which is
24.282 23.016 possible since the physics of our beam is only dominated

by single-bunch effects (bunch spacing8i®2 m). The
Table 1: Typical retrieved value for the normalized emit-mums"t mask thickness.is_ a compromise between noise
tance obtained simulating the multislit mask using a phasglrld angular acceptance: if the mask is npt thick enough,
space distribution predicted by PARMELA électrons that go through copper can contnbgte to the OTR
pattern. On the other hand, increasing the thickness would
imply more stringent tolerance on the slit alignment with
(slit width w and spacingl) are then imposed by three con-respect to the beam axis. After estimating multiple scatter-
ditions. ing, which is the dominant process fob MeV electrons,

(i) The beamlets must be emittance-dominated sind&e Set the thickness mm, which yields an angular ac-
space-charge expansion would cause appreciable broadé@ptance of approximately) mrad. For this angle 10% of
ing of the angular spread over the drift. We calculate thH€ €lectrons are lost because of edge scattering. The fi-
space-charge-over-emittance ratio defined from the tranfd@l design of the multislit assembly has two sets of thirteen
verse K-V equation to be aboRt~ 11.75 using the beam Slits that allowx andy transverse-emittance measurement.
parameters predicted with PARMELA. After the multi- When the slits are removed from the beam path, a high-
slit mask the value of the ratidR, for one beamlet is frequency shi(_ald insures beam-pipe continuity to minimize
scaled accordingly to:R' = R/12 x (w/0)? , o be- the wakefield impedance.
ing the rms beam size. Settingto 100 um Yyields a ra-
tio R'=2.8 x 10~3. This guarantees the space-charge force 4 CONTROL AND ACQUISITION SYSTEM
contribution to transverse momentum is insignificant.

(i) The beamlet profiles must not overlap on the scree
which implies the drift lengthl) and the inter-slits dis-
tance (l) are related by4c'L < d. o’ is the rms beam
divergence.

(i) Finally, the resolution in position and in divergence

The beamlet’s OTR pattern is monitored with a charge-
IEoupled-device camera whose analog video signal is dig-
itized and processed using a DATACUBE VME-based
frame grabber operating with its own VME input-output
controller (I0C). In addition to digitizing, the CPU of the
: ) video board performs elementary image-processing func-
should.be comparable, i.er/d = Lo’/p, wherep is the tions such as background subtraction, projection along an
resolution of the detec.tc.)r. . . . axis, etc. The output of the DATACUBE, in our case a pro-
The two latter cond|t|ons_ yield a slits spacing of abou}ection that contains the beamlet profiles, is transferred to
1.1 mm. T_he vallues determined fwangd haye bee-n used the 10C on which we have implemented VxWorks routines.
asa st_artlng point for accurate numerical simulation of thﬁ\fter identifying each beamlet profile and the slit it comes
slits with PARMELA. from, the code computes the emittance and Twiss parame-
ters. The results can then be accessed from any X-station
via the EPICS channel-access protocol. We developed X-
We developed a MATLAB-based program to retrieve thavindow based screens that display emittance, Twiss param-
phase-space parameters and distribution from a simulateters and possibly phase-space isocontours. The achieved
OTR image. The image is generated from the distribuspeeds are, respectively, about 1 asdc for updating pa-
tion predicted by PARMELA, retracing each electron frontameters and plot refresh, a speed that allows observing the
before the slits up to the OTR screen. We optimized thehase space parameters in real time while tuning the in-
design, after many iterative runs, changing the slit widtfector. Storing raw data and projections is also possible at
and spacing, to try to minimize the error in the retrieve@ach stage of the process for more detailed off-line analy-
parameters over the required emittance range (normaliz&i§, €.9. using (time and CPU consuming) powerful image
rms emittance between 4 agf mm-mrad). The values Processing tools.
we finally found reasonable are~=75 ym andd=1.5 mm.
According to our simulation results for different emittances 5 FIRST RESULTS

(by scaling the nominal one) we are confident in achieving. . -
a relative error on emittance and Twiss parameters of th%eInce thel0 MeV energy region of the injector was not yet

order of 10%. Table 1 compares the nominal emittanc%va"able’ we chose to conduct the preliminary tests on the

with the one computed from the beamlet’'s OTR image. effergon .La.b Injector Test Stand%() keV. The conflgg— .
ration is similar to that described elsewhere [5], consisting

of a photocathode gun, a solenoid, and a diagnostic beam-
line. The charge-per-bunch was set to approximeiky

In order to avoid using any cooling system, we have optesb that the achieved emittance is within the multislit assem-

to make the slits out of copper and have a thermal bridd#y acceptance. Also, because of the low energy, we had to
that quickly dissipates the heat toward the exterior of thaese a fluorescent viewer instead of an OTR viewer.

3.2 Optimization with Numerical Simulations

3.3 Some Mechanical Considerations
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On Figure 2 we present an example beamlet profile. De- We also measured the emittance versus the charge per
pending on the solenoid setup, we were able to illuminateunch, for two macropulse width, as depicted in Figure 3,
up to 8 slits, a very good number for emittance measurdeeeping the solenoid field value constant. The discrepan-
ment with a 10% level accuracy. Unfortunately, we wereies between the two sets of data at low charge are probably
not able to perform our measurement with such high nuntue to low charge ghost pulses that are created as a conse-
ber of peaks because of the reduced available area on tingence of laser light leaks between two consecutive mi-
fluorescent viewer. Several cross-checks have been maatepulses. Therefore the wider the macropulse, the larger
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the ghost pulse contribution to emittance is.

Further studies and quantitative comparison of the multi-
slit mask, with the single-slit-wire technique in the Injector
Test Stand and with the one-quadrupole-OTR method in the
FEL injector, will be forthcoming.
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Figure 2: Typical beamlet profile obtained on a fluorescent

screen a250 keV with a charge-per-bunch &fpC. 2

with the single-slit-wire emittance diagnostic used in Ref-
erence [5] and both methods agreed within 10-15% for trﬁ]
emittance and thg-function. However, there is still sub-
stantial disagreement concerning thgarameter, proba-
bly due to a not precise enough scale calibration of our flu-
orescent screen. This problem should be solved on the final
version of the diagnostic where we plan to have precise ca[IA:]
ibration lines on the OTR screen.

(5]
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Figure 3: Unnormalized emittance versus charge for two
different macropulse widths. Error bars of 15% have
been considered after comparison with the single-slit-wire
method.
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