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A Introduction:

A The theory and simulations of emittance exchange;

A The experimental facility: AO photoinjector at FermiLab;

A Experimental demonstrations of the emittance exchange ;
A Observation of the bunch train generation in energy domain;
A Observation of the bunch train generation in time domain;

A Summary.
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Introduction

A Electron beam directly coming out a photoinjector does not always
have the phase space properties required in its applications.

A Phase space manipulation in 3-D is often required to achieve certain
beam distribution, for example:

I the beam can be compressed to achieve higher peak current (to drive
FELs, et al.);

I the beam can be produced with a large angular momentum at the
cathode and later transformed into transversely very flat beam using
several skew quadrupoles (to drive planar dielectric wakefield
acceleration, planar image charge undulator, and possible simplification
of the storage ring for a linear collider, et al)

I the longitudinal emittance and transverse emittance of the beam can be
swapped using the emttance exchange technique, and when combined
with the flat beam manipulation, one can repartition of the beam in the
6-D phase space;

I the above manipulations are in the rms sense; however the beam profiles
can be manipulated more precisely, such as micro bunch train within a
macro bunch; or I inear ramped bunch
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Transverse -longitudinal emittance exchange (EEX)

A EEX therory:
I Cornacchia and Emma, PRSTAB 5, 084001 (2002).
A Partial exchange
I Kim and Sessler, AIP Conf. Proc. No. 821, 2006.
A Complete exchange

A EEX experiment:

I T. Koeth et al, PAC2009; T. Koeth, Ph.D. dissertation, Rutgers University,
20009.

I A.Johnson et al, IPAC2010.
A Applications of EEX in beam current profile modulation:

I Y.-E Sun and P. Piot, Proc. LINACO08, 498 (2008).

I Y.-E Sun et al, be published in the proceedings of the 47th ICFA
Advanced Beam Dynamics Workshop, HBEB, Maui, Hawaii, November 16 -
19, 2009. Currently available at  http://arxiv.org/abs/1003.3126
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The scheme: Transverse -longitudinal emittance exchange (EEX)
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The FermiLab AO 3.9 GHz 5 -cell dipole mode cavity

A A 5-cell oxygen-free, high conductivity copper cavity is constructed
based on the existing designof Fer mi LS& R399 GHz TM 4,
prototype.

A The cavity is operated at LN , temperature to increase the Q , by 2.4
times comparing to its value at room temperature.

Parameter Value

Frequency (GHz) 3.9
Mode TM110,
Body cell irigliameter (mm) 30
Endcell iris diameter (mm) 36
Celllength (mm) 38.4
Shunt impedance per cellm) 27.3
Q@273 K 14800
Q@80 K 35600
Q@80 K 20900

T. Koeth, Ph.D. dissertation, Rutgers University (2009).
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The brazed FermiLab AO 3.9 GHz 5 -cell dipole mode cavity

at 1 mm offset transverse offset, it offers about 45 keV ®)
kick integrated along cavity length.
( T. Koeth, PACO7, THPASO079)
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Multipulse generation: GPT simulations of an optimized case:

Table I: Parameters prior to the emittance exchange

beam energy (MeV)

bunch charge (pC)

normalized horizontal emittance (pm)
normalized longitudinal emittance( pm})
horizontal beta function (m)
longitudinal chirp 34 /3z (m~1)

rms bunch length (mm)

slhit width ( grm)

slit separation ( gem)

15
1 (0
I

7

20
4.5
0.9

30
300

Before EEX x-modulation

X (mm)

115
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Longitudinal phase space of the optimized case
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Pulsermslength~ 55fs atthe endof the EEX.

The individual beamletshave a slope (correlation betweenenergy and position) that is
differentfrom the slopeof the whole bunchtrain.

A two-dipole achromaticsingle doglegcompressorcan be usedto removethe correlation,
andpulseswith rmslengthsof 18 fs and120fs separationsanbeachieved
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Bunch form factor with and without slits

A We see that in the frequency range between the two green lines
(0.5-0.9 THz), the intensity of the radiation spectrum increases
by several orders of magnitudes. This coherent radiation can be
detected experimentally using an autocorrelator and He  -cooled

bolometer.
10°
0
= .6
S 10
2
N2 4
c 10
o
5
(% 102 """""" one bunch
——multipusles
0
1010 1011 1012 1013
v (Hz)

APC)°°°° ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity ,  Sept. 1, 2010 Yine Sun 10 # Fermilab



The AO photoinjector
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bunch charge used: 0.5-1 nC
beam energy at EEX line: 14.3 MeV

APC4 L1 1] ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity, ~ Sept. 1, 2010 Yine Sun 11 # Fermilab



