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Abstract surround the gun control the beam’s transverse size and
g]ittance. The beam then enters a 1.3 GHz superconduct-

Phase space manipulation techniques within two degreg ? radio frequency booster cavity bringing the final energy

n
of freedom are foreseen to enhance the performances o

next generation accelerators such as high-energy phyS|t8514'3 MeV. Following this final acceleration stage are var-

colliders and accelerator based light sources. At the Fepys dia_gn_ostic CTOSses corjsisting of eithgr optical _transi-
milab AO photoinjector, a proof-of-principle experiment totlon radiation (OTR) or cerium doped yttrium aluminum

demonstrate the exchange of the transverse and longitu i%met (YAG:Ce) crystal viewers. Also found in the beam-

nal emittances is ongoing. The emittance exchange beatfic aré quadrupoles, dipole correctors and beam position

. . . . monitors.

line consists of a 3.9 GHz normal conducting deflectin . . .
mode cavity flanked by two doglegs. Electron bunches with Th? E.Exlbeamllne at the AO Photomjef:tor consists
charges of 250 pC and energy of 14.3 MeV are routinelof a liquid nltrpgen cooled, .normal conducting 3.9 GHz
sent through the exchanger. In this paper, we report our | My deflecting mode cavity placed between two mag-

est results on the demonstration of emittance exchange &)e_tlc doglegs [5, 6]. The doglegs each generate a bending

tained with significantly improved beam diagnostics. W ngle O.fo‘ =225 ,ahorlzontgl d|sper5|o.n ap = 0.33m. .
also compare our experimental results with a simple n he drift length betweeen dipoles forming each dogleg is

merical model. . The qugitudinal elec.tric field of th@MH.o cavity is_
zero on axis and grows linearly off axis, while the vertical
magnetic field produces a time-dependent transverse kick
INTRODUCTION with respect to the synchronous particle. Assuming the thin

The emittance exchange (EEX) experiment can be dlens approximation of the EEX beamline elements gener-
scribed through linear optics as a transformation matrixates a perfect EEX matrix. When the deflecting mode cav-
Meex, that operates on the initial horizontal transvers&y strength is defined to be1/D, the diagonal sub-blocks
emittance parameters (2)and longitudinal emittance pa- become zero:
rameters (z,%p), leaving the vertical transverse emitance
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% out % i EXPERIMENTAL METHODS
whereA, B, C andD are2 x 2 sub-matricies ofM/ggx. A Transverse emittance measurements are made using the

perfect emittance exchange matrix will exist when the eleslit measurement technique [8]. Transverse beam profiles
ments of the diagonal sub-blockd, and D become zero are measured by inserting an OTR screen at X3 and X23.
and theB andC sub-blocks are populated. Due to the fi-Divergence measurements are made by inserting a tungsten
nite length of our’M;,, deflecting mode cavity, many of multi-slit mask into the beam path at both X3 and X23.
the on-diagonal elements are non-zero [4]. Higher-ordgihe masks consist of 50m wide slits separated by 1 mm,
effects such as space charge and coherent synchrotroneacept at X23 where the horizontal slits are separated by

diation also contribute to imperfect exhange. 4 mm. Figure 2 shows a typical set of incoming horizontal
beam size data and a complete set of horizontal beamlets as
EXPERIMENTAL SETUP viewed on the X6 YAG:Ce screen. Divergence calculations

_ _ _ use the average of the Gaussian fits of the slit images and
The EEX experimentis conducted at Fermilab’s A0 Phogivide by the drift distance from X3 to X6. For comparison,
toinjector [7]; see Figure 1. The three solenoid lenses th@igure 3 shows the transverse beam profile after exchange
*This work was supported by Fermi Research Alliance, LLC undePt X23 and the beamlets as viewed at X24. The average
contract No. DE-AC02-07CH11359 with the U.S. Department of Energybeam size and divergence values are shown in Table 1.
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Figure 1: Top view of the AO photoinjector showing elemengstipent to performing emittance exchange. Elements
labeled “X” are diagnostics stations (beam viewers andAdtirslit mask locations), “L" are solenoid lenses, and “§é
quadrupole magnets.

the incoming transverse emittance measurements are usu-
ally made. The simulation is designed to be used online
in the sense that the magnet settings are read from the ac-
tyal settings, however it can also be used offline where the
& ttings are input by the user. Equations 3 and 4 show the
measured Xpats) [13] and linear model transfet\M yr)
matrices of the EEX beamline from X3 to X23.

Table 1: Transverse beam size, (i = z,y), in mm
as measured at X3 (in) and X23 (out) and divergendge,

by the trailing parenthetical number.

Tin Yin Tout Yout 0.02 —0.23 475 0.0
o; 1.589(1) 2.166(1) 4.215(3) 1.798(1) —0.02 011 —0.02 0.21
o/ 0081(3) 0.053(2) 0.113(1) 0.090(7) Moaa=| (23 063 —021 o000 | ©
—0.09 489 013 008
0.01 0.01 5.20 0.33
Longitudinal emittance is derived from bunch lengthand . 0.01 001 -0.07 0.19 4)
energy spread measurements. Installed in the beam en- 019  0.67  0.03  0.00
closure is a Hamamatsu C5680 streak camera which can —0.07  5.06 028 0.03
be used to measure the electron bunch length both be-
fore and after the exchange at the picosecond level [9]. EEX RESULTS

Sub-picosecond bunch length measurements use a Martin-
. . In Table 2, we present the results of our most recent EEX

Pupplett interferometer that is located at X24 of the EEX o .
measurement and compare with simulation. The measure-

beamline [10]. A spectrometer magnet and viewing SCreeilent was taken with an electron bunch charge of 250 pC

are located at the end of each beamline to measure the cen- .
at 14.3 MeV. Incoming transverse phase space was ad-
tral momentum and momentum spread of the beam. The . . .
- ._justed using the three input quadrupole magnets to yield
spectrometer magnet at the end of the EEX line is verticlf> oo,
. : . . a minimum output bunch length and energy spread prod-
to avoid residual dispersion from the exchanger. . : . ot
uct. However, according to our simulation, the optimized
input quadrupole settings for minimum longitudinal emit-
SIMULATION tance will lead to a beam with a time-energy correlation,
) ) ) which our current diagnostic system cannot measure. In
A linear transfer matrix model of the EEX beamline hasyqgition, the EEX matrix as measured does not yield an
been assembled within Matlab in an effort to explore thgjea| exchange matrix. In particular, the R43 element is

behavior of the EEX line. It includes the quadrupole anghon-zero simply due to the cavity being finite in length.
dipole magnets, and has a hybrid thin/thick lens model of

the deflecting mode cavity which agrees well with the mea- CONCL USION

sured cavity transfer function [11]. The simulation also

includes linear space charge forces (both transverse andA proof-of-principle EEX experiment utilizing the Fer-
longitudinal) adapted from the Trace3D user manual [12nilab AO Photoinjector has been completed for a beam
The space charge effect through the dipoles is achieved blarge of 250 pC. We are currently limited in our measure-
slicing the dipoles longitudinally, and interleaving spac ment of longitudinal phase space by the present diagnostic
charge defocusing between slices. The simulation requiregstem'’s inability to account for time-energy correlation
the phase space parameters on input to the beamline at X3sestigations into the effects of CSR and space charge are
which is just downstream of the booster cavity and is wherengoing. Ugrades to the beamline include the installation
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Figure 2: Incoming transverse emittance images. BeaFigure 3: Outgoing transverse emittance images. Beam
profile image taken at X3 OTR screen (a) with Gaussiaprofile image taken at X23 OTR screen (a) with Gaussian
fits to thex-projection (b) and the slit images taken on Hits to thez-projection (b) and the slit images taken on a
YAG:Ce crystal screen located at X6 (c) with respectivefAG:Ce crystal screen located at X24 (c) with respective
Gaussian fits (d). Images are rotafed. Gaussian fits (d). Images are rotaggd.
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