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Abstract Using a photoinjector as the source for tdectron
beam gives us the ability to dictate the shape of the initial
The Sub-picosecondccelerator at.os Alamos National gjectron pulse. In turn, this enableficient bunching of
Laboratory is a1300 MHz, 8 MeV photoinjector. the peam[4]. However, the attributes that make the
Concerned mainly with the exploration ofbunched ppotoinjector ideal for compression experiments also
electron beams, the Sub-picosecdwteleratorfacility is  createproblems for the electron beam diagnostics. A
alsousedfor a variety of other research. Opegoing pnotoinjector acceleratesthe electrons to  relativistic
task is the exploitation of theecondmomentproperties yg|gcities very quickly. As a result, the beatves not
of beam position monitor signals tmeasurethe rms  paye time to come to equilibrium. Its spatial distribution
emittance. The unique properties of photoinjebams il pe unknownandcannot be wellapproximated by a
make Gaussian assumptions about their distributiqgaussian[g], [5]. Therefore, when measuring the rms

inaccurateandtraditional methods of measuring the rmsemijttance of the beam, the diagnoséichnique can make
emittance fail. Using beam position monitorsmeasure o assumptions about its spatial distribution.

the emittance, howevergquires nobeam distribution Roger Miller et. al. first proposed using beam

assumptions. Presented here areur first emittance position monitors (BPMs) in a non-intercepting emittance

measurementsiith this method on theSub-picosecond probe[2]. Later, it waslemonstratedhat this technique
measures the rms emittance withowtference to the

PC spatial distribution of the beam [6], making ideal for
HP 54111D HP 54111D SPA. \What is presented here athe preliminary results
Digitizing Osdilloscop Digitizing Oscilloscope of rms emittance measurements of 8fA beamusing

Miller’s technique.
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Figure 2: Typical voltage signal from a BPM
om Lde electrode for two beam bunches.
A,
-
2 DATA ACQUISITION

Figure 1. Schematic of data acquisition system. The BPMs used in this experimentare dual-axis,

capacitive probes[7]. The signaienerated inthe four
Accelerator. electrodes of the BPM are transported down a transmission
line where they are filtered by 300 MHz, low-pass filters,
1 INTRODUCTION digitized by two, dual channel 54111D Hpl
The primary mission of the Sub-Picosecond O;cilloscopesand cgptured by a P€unning LgbVievD.
Acceleratorfacility (SPA)[1] is to explore the uses and(Figure 1) The oscilloscopes operate at 1 giga-sample per
dynamics ofbunchedelectronbeams. State of the art in S€cond. The digitized signalsare filteredagain by a one
its field, SPA hascompressed electrquulses containing half Nyquist digital filter and then interpolatedutilizing

1 nC of charge to sub-picosecond lengths[4]. the weI.I knpwn sampling theorem. A typical result is
shown in Figure 2.
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After the four signals are interpolated, the peak-to-peak

voltages ofeachmicropulse isdetermined. Then, using Qﬁ:“;%:’ée

the BPM calibration that has previoushbeen ‘/3\‘ BPM

determined[8]][9], the beam center()_(,)_/), and second /O () Spectrometer
2 2 g2 2 eb |

moment, <X >— <y >+ X“—y°, are calculated. eam¥r 01 @ o3 —1#  camera

2\ _ 2 . . . . QK_J \_JQ;)

<X > <y > is thedifference inthe rms widths of the it ‘—’dz & ‘—’d4

beam. Beam Dump
3 MEASUREMENTS Figure 4. Schematic of beam line sectigsed for

emittance measurements.
| have performedtwo types of measurements. The

first is a check of the BPM calibration. The second is the

emittance measurement itself. .
3.2 Emittance measurement

3.1 Calibration check To measurghe emittance, we use a section befam

To check the calibration, | first transport the beam tdéine like that shown in Figure 4. The quadrupole magnets
the BPM location. Then, without changing tingstream are set to a number focusing strengeechone carefully
focusing, | move the beagenter to severglositions in chosen to avoid numericainstabilities in the final
the BPM aperture with a simple steering coil. Since theesult[10]. Ateachsetting, 99 beam shotre grabbed

beam focusing is constan(,x2> - <y2> is constant. and the average value (3<f)(2> - <y2> is determined.

Therefore, if the calibration is correct, a plot of gezond Since the section of beam line in Figure 4 is linear, it
moment versusx? — yz should be a straight line with iS represented by lnear transfer matrix foeachsetting
slopeequal toone. Figure 3 is a typical resultEach of the quadrupoles. Then,dan beshown that thevalue
point represents averages @pproximately 99 beam of <X2> - <y2> at the BPM position is linearly related to
shots. | do thisbecausethe SPA electron beam is
unstable shot-to-shot but reasonably stablhen
averaged. (yy') and <y’2>, at the entrance to the first

guadrupole[2]. Changing the focusing of teadrupoles
at least six times results in a set of linear equations that
can be solved tobtain the rms bearparameters at the
entrance to the first quadrupole. Then, the rms emittances
are given by

- £ = ()(x?) = (e,
o » LX)
3 5y=\f<y2><y'2>—<yy’>2.

| haveperformedseveral emittance measurements on
the SPA beam using thiechnique. For a 1 nC per
* * * * ! bunch beam, a typical result is
-5.00  0.00 5.00 10.00 1500  20.00 g, =53mmmmrad + 0.27 Tmm mrad

and
. g, =43mmmmrad + 0.34 Tmm mrad.
Figure 3: Second moment (MywversusX* —y* (mn). Expressing these as normalized emittances gives
The slge is @ual to 095+Q03 €. € = Bygx =94 mtmmmrad + 4.8 tmm mrad

Since the values oK” — §* andthe secondmoment and
= = +
areboth determined bythe BPM signals, this is not an Eyn BVSy 76_“ mm mrad - 6.0 tmm mrad.
absolutecheck onthe accuracy ofthe BPM calibration. The errors are estimated according to [2].
However, it does provide a check on its consistency.

the rms beam paramete|<s>,(2>, (xx'), <X'2>, <y2>,
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4 CONCLUSIONS

Overall, our progress to this point is promising. We
are getting reasonable results using Miller's technique.

From simulation, we anticipated that the rms
normalized emittances should be a factor of 10 lower than
what we measure. However, we have inadvertdrggn
operating with a sizable magnefield in the region of
the photo-cathode, increasing the emittance.

A secondissue is theaccuracy ofthe measurement,
which is not as good as we hoped. Ttam be attributed
to two factors: the limitedaccuracy ofthe digitizing
oscilloscopesand the shot-to-shot instability of the
electron beam.

At a 1 giga-sample peseconddigitizing rate, the
HpO 54111D oscilloscopeare effectively limited to six
bit accuracy. Experimenting with an oscilloscope that
has 8 bitaccuracy and &00 mega-sample pesecond
digitizing rate has shown marked improvement.

[1]

2]

3]

[4]

Sum of BPM Electrodes (mV)

0 \ \ \ \
0 20 40 60 80

Measurement Number

5]

100

[6]

Figure 5: Sum of BPMElectrodes (beanintensity)
versus measurement number for 90 beam shots. -
As mentioned, SPA’s shot-to-shot stability is poor.

Figures 5 and 6 demonstrate this. Figure 5 shoptta
if beam intensity (sum of the BPM's fouwglectrodes) [8]
versus measurement number for 90 beam shots. Figure 6

shows a plot of<X2>—<y2> versus measurement

number for the same 90 beam shots.
improve the stability in the next few months.

We hope to
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Figure 6: <X2> —<y2> (mn?) versusmeasurement
number for 90 beam shots.
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