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Abstract changer beamline. The latter beamline, designed to swap

- . the horizontal £, ') and longitudinal £, §) phase spaces,
A transverse-to-longitudinal emittance exchange exper- ~ . : . : .
: O ) X consists of a horizontally-deflecting cavity, operating on
iment is in preparation at the Argonne Wakefield Accel;[he M- mode. flanked by two identical horizontally-
erator (AWA). The experiment aims at exchanging a low. 110 : y Y

(. < 5 um) longitudinal emittance with a large.{ > dispersive sections henceforth refereed to as “dogleg.

. . In the present configuration the exchangeris notinstalled
15 jim) transverse horizontal emittance for a bunch Chargaend the beamline downstream of the booster includes three
of ~ 100 pC. Achieving such initial emittance partition-

ing, though demonstrated via numerical simulations, is %uadrupoles arranged as a triplet followed by a spectrom-

. , .._eter. The beamline also incorporates YAG:Ce screens for
challenging task and needs to be experimentally verified. . } )

. . . measuring the beam’s transverse density. One of these

In this paper, we report preliminary emittance measure- . . .

. L screens is located in the spectrometer line at a large ver-

ments of the beam in the transverse and longitudinal plan§s

performed atv 12 MeV. The measurements are compare cal dl_sperS|or_1 point. . . -
with numerical simulations. During nominal operation, the AWA is tuned to mini-

mize the transverse emittance with no particular attention

to the longitudinal emittance. The proof-of-principle ex-
INTRODUCTION periment discussed in the Paper requires a different mode
F—’f operation where the longitudinal emittance is made

Plans are underway at the Argonne Wakefield Acce
smaller than the transverse one by a faetd.

erator (AWA) [1] to perform a proof-of-principle experi-
ment aim at demonstrating the exchange of a large trans-
verse emittance with a lower longitudinal one. The emit- NUMERICAL MODELING

tance exchange concept could have applicatianin/e— . . . .
9 P PP /e We relied on extensive beam dynamics modeling to seek

linear collider where its implementation could eventually n operating mode of the AWA capable of achieving an

eliminate the need for an electron damping ring. . I .
. I amping ring emittance partition witke,, /¢, > 3. The program A-
technique could also be beneficial to single-pass high-gain . S . S
. : IRA [3] along with a multi-objective genetic optimization
FELs where the reduction of the transverse emittance at ~ ; ) .
orithm [2] were used to find possible operational set-

the expense of an increased longitudinal emittance cou ; ) )
b g tings. In these simulations the photocathode drive laser wa

improve the gain length while simultaneously mitigatin : . .
P 9 g y 9 Q*aken to be transversely uniform with a Gaussian temporal

microbunching effects. I . . distribution. The variable parameters used for the optmiz
The layout of the proof-of-principle experiment is pre-; o
sented in Fig. 1. In brief, electron bunches with chargg.On were the laser pulse duratios, its transverse beam
. ' Size on the photocathode, the rf gun phase and peak E-

of ¢ 190 pC are generated via photo-emission fro ield, the peak B-field associated to the three solenoids sur-

a magnesium photocathode located at the back plate of & ' . ;

: . rounding the rf gun, and the booster phase and peak E-field.

1-1/2 cell rf gun operating at 1.3 GHz. The rf gun is sur- T ; i .
? The optimization was constrained to achieve and emittance

rounded by three solenoidal lenses (labeled L1, L2, and,. : L

ratio e, /e, > 3 with ¢, < 20 pm and the longitudinal

L3 in Fig. 1) used to control the beam transverse size. . .
9. ) . hase space correlation was required to match a value close
The beam is then accelerated to 12 MeV using a 1.3 GHz N 1 S . S
. ; 0 dd/dz|,—o ~ 8 m~! to minimize emittance dilution in
standing wave structure (refer to as booster) operating ?He exchanger beamline [7]
the T mode. The downstream beamline incor- . . Lo
Mo0,x/2 Astra simulations indicates, for a laser pulse length of

porates four quadrupoles followed by the emittance exc;t ~ 0.56 ps, that the achievable emittance partition is

*The work of M.R. and P.P. is supported by the US Department ofc,,£,) = (15.9,3.75) um; see Fig. 2. For the series
Energy under Contract DE-FG02-08ER41532 with Northeindis Uni-  of measurement reported below the laser pulse length was

versity. W.G. and J.P. are supported by the U.S. DepartmfeBhergy ; ; _
under Contract No. DE-AC02-06CH11357 with Argonne Natidmo. 52 PS- The corresponding parameters are gathered in Ta

ratory. D. M is supported by the Department of Education ucdetract  PI€ 1_ where al_l the S_ettings but reS_U|t from the afore-
P116Z010035 with Northern lllinois University mentioned optimization and the emittances correspond to
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Figure 1: Layout of the emittance exchange proof-of-ppltecexperiment at the AWA. The green and red rectangles
respectively correspond to dipoles and quadrupoles magiéie labels L1, L2, L3 indicates the locations of the three
solenoids around the gun. The locations of planned trase\ard longitudinal emittance diagnostics are also shown.

the experimentally achieved value®f~ 1.9 ps. The transverse emittance was measured using a standard
quadrupole scan technique [5]. Simulations of the method
with IMPACT-T [4] support the use of a fitting algorithm
MEASUREMENTS that does not include linear space charge force to infer the

The purpose of the series of experiments reported beldginittance values. The squared beam size dependence on
was to confirm the parameters simulated withkafora the quadrupole magnetic strengthis parametrized by a
laser pulse duration, = 1.9 ps. The required laser spot Sécond-order polynomiaf — Ak?+Bk+C and the emit-
size of 4 mm (rms) is significantly larger than the nomi{ance is estimated as= [4AC — BQ]U?/(QDQ)- Fig. 3
nal one and we presently observe significant intensity nos0Ws the measured squared beam size as a function of
uniformities across the area of the uv laser. These noflong with the corresponding quadratic fit. The inferred
uniformities have significant impact on the transverse arfghitt@nce values are in good agreement with the one pre-
longitudinal emittance produced by the rf gun. dicted by ASTRA; see Table 1.

The parameters resulting from the numerical optimiza- The longitudinal emittance is measured by scanning the
tion of the beamline were used as initial settings for thBooster phase and measuring the resulting energy spread. A
AWA beamline and were then slightly altered to match exfitting technique similar to the one used in the quadrupole
periment with simulations. n particular the simulated bearican method provides the longitudinal emittance; see e.g.
energy and evolution of the transverse envelop shown fRef [8]. Because of the low energies (few MeV) reached

Fig. 2 were experimentally reproduced. during the phase scan, the longitudinal transport matnix [i
Symbol (unit) ASTRA Experiment 100
Q (pC) 100 100 £ 10
lasero; (ps) 1.95 1.85+£0.2 E col
rms laser size (mm) 4.0 4.0 =
gun field (MV/m) 43.92 47+ 2 §
gun phase (deg.) 65 60 £ 5 0= ; : ; :
booster field (MV/m) ~ 15.75 155+ 1 0 ! S S > 6
booster phase (deg.) 50.35 52+ 4 10 04
L1 peak B-field (T) 0.062 0.0618 4 0.0031
L2 peak B-field (T) -0.062 —0.0626 + 0.003 o £
L3 peak B-field (T) -0.228 —0.228 +£0.0114 E 5 E 02
£, (um) 19.5 18.5+ 2 X o
gy (pm) 19.5 21.2+2
€2 (um) 7.40 - % 2 4 & % 2 4 6

z (m) z (m)

Table 1: Optimized settings and beam parameters-at Figure 2: Top plot is the transverse emittance ( blue and

2.79 m using ASTRA and corresponding experimental val-red) and longitudinal emittance evolution along AWA beam

ues. The value of; was the one experimentally achieved.line. Bottom plot is for the beam size and bunch length
evolution.
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Figure 3: Squared horizontal (left) and vertical (right)rigure 5: Mean (left) and rms (right) momentum versus
beam sizes versus quadrupole magnetic strength. The dptfoster phase. Red symbols are measurement and solid
(blue circles) and corresponding quadratic fit (green )inesine are simulations with, ~ 8 um.

are shown. Emittance values inferred from the quadratic fit

aree, = 18.5+ 2 ymande, = 16.2 + 2 pum. — W
) 1 0.4
E-, 03f 1of
(z,0) phase space] of the booster was modeled as a ¢ E (;i ol
ries of thin-lens cavity matrix interleaved by drift spaces L N
005 0 005 O T 1 Qo5 0 005 o

of length L with longitudinal dispersioiss = —L/v?(2) AE (MoV) Time (ps) AE (MeV)
wherev(z). the Lorentz factor, varies as the beam prop
agates through the booster. We verified the thereby d
vised semi-analytical model for the transfer matrix is ir
agreement with the one numerically evaluated from particl
tracking simulations; see Fig. 4.

time T (ps)

005 0 005 0. L 1 %05 0 005 od
AE (MeV) Time (ps) AE (MeV)
40 1.2
T; 20 o 1 Figure 6: Simulation of longitudinal phase space recon-
= s°038 struction via a maximum-entropy-based tomographic algo-
s° 0 0.6 rithm. The top row shows the initial simulated longitudinal
20 0.4r° phase space (right column), and associated temporal (mid-
-50 0 50 -50 0 50 dle) and energy (left) projections. The bottom row displays
booster phase (deg) booster phase (deg) same data tomographically reconstructed after simulation

of the booster phase scan.
Figure 4: Mgs (left) and Mgg (right) element of the trans-

fer matrix of the booster cavity in the longitudinal phase ) ,
space(z, §). The simulated transfer matrix Using#ACT- needed. In particular the photocathode laser transverse un

T (red symbols) is compared with analytical calculatioformity requires further work and the observed significant
(blue lines). phase jitter need to be addressed. Nevertheless the prelim-

inary measurements presented in this Paper indicate that
AWA can operate with an emittance partition provding a

The energy spread is measured downstream of : ) P i
transverse emittance more than twice the longitudinal-emit

vertically-bending spectrometer, located 2 m down-
stream of the booster, where the vertical dispersion f&NC€-

Iny| ~ 18 cm. An horizontal slit located upstream of the

dipole, is imaged onto the YAG screen to improve the en- REFERENCES
ergy spread measurement resolution. Fig. 5 shows the ev I] Seehttp://gate.hep.anl.gov/awa .
lution of beam’s mean and rms momentum as a function OI

the booster phase. The data are consistent with numeric

simulations with~ 8 um longitudinal emittance.
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