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Abstract most notably at TINAF [3]. However, none of these op-

An energy recovery linac based light source is a potene—ratmg guns meets the requirements of the ERL upgrade
tial revolutionary upgrade to the Advanced Photon Sour Al APS [4]. Some high performance dc-gun-based system

(APS) at Argonne National Laboratory. The concept re; ave been mvestlgateq forqltra Iowemltt_ance beams [5, 6]
' L None of these analysis delivers the desired charge (20 pC
lies on several key research areas, one of which is the gen-, . o ; .
. . : or higher) while including the critical merger between the
eration of ultra-low emittance, high-average-currentele . . . . i
. : .~ injector and the linac. In this paper, we present a first step
tron beams. In this paper, we present our investigation ; L
. in our efforts, namely, the design of a dc-gun-based infecto
of a dc-gun-based system for ultra-low emittance bunches
. R . _Without a merger system.
in the 20 pC range. A parallel multi-objective numerical
optimization is performed in multi-parameter space. Pa-

rameters varied include experimentally feasible driveeta OPTIMIZATION METHOD

shapes, the DC gun voltage, the thermal energy of the This injector design is developed using the multi-
emitted photo-electrons and other electric or magnetid ﬁebbjective optimization techniques, similar to those em-
strengths, RF cavity phase etc. Our goal is to delived ployed by Bazarov et al. [5]. At APS, a global paral-
MeV, 20 pC bunch at the entrance of the linac with an emitg| optimizer named GeneticOptimizer already existed|[7].
tance of 0.Jum or lower, rms bunch length of2 3 ps, and  originally it accepted a single penalty function. For the
energy spread no larger than 140 keV. We present the Mgwsent work, non-dominated sorting was incorporated to
chine parameters needed to generate such an injectorbeﬁghcorm multi-objective optimization. The current ver-

albeit without a merger. sion of GeneticOptimizer is able to do both single ob-
ject and multi-objective optimization. For single objeeti
INTRODUCTION optimization, the parents chosen by GeneticOptimizer are

) . ) those who have the smallest penalty value, while for multi-
The APS is a storage-ring based light source. Fundgpject optimization, the parents are those with rank 1 af-
mental physics principles governing a storage ring detefer non-dominated sorting. The beam dynamics simulation

mine the electron beam emittance as well as its fractionglogram used is ASTRA [8], which includes space charge
energy spread. It is difficult to improve the beam qualitygrces.

dramatically solely by upgrading the storage ring[1], due
to the requirement to keep the energy fixed at 7 GeV whil

accommodating the existing circumference and number gun

sectors. In contrast, the emittance of the electron beam 6 solenoid  solenoid 7
a linac is inversely proportionally to the beam energy, a, 4| N 9—cell i
the normalized emittance is constant. Therefore emittanfg n A cavity

much smaller than the APS storage ring is possible in 5 2/ C -
linac of the same beam energy. However, high average c1® g L. " __ BN |
rent (e.g., 100 mA) is needed for a facility to operate a
a state-of-art light source. With 7 GeV beam energy, thi
corresponds to 700 MW beam power. The only feasibl -4 o5 1 T 25 3 35 a4
way to operate such a linac-based light source is to ha z (m)

the beam energy recovered [2] after it is used to generate

light. . . ' -

One of the most challenging aspects of the ERL d If:eg;rﬁir}é.The field maps of the injector elements along the
sign is the injector, as it requires unprecedented average
current with extremely small normalized emittance. Cur-
rently there are several DC guns in operation for the ERLS,

INJECTOR AND DRIVE-LASER

*Work supported by the U.S. Department of Energy, Office of Sci

ence, Office of Basic Energy Sciences, under Contract No.ADB2- The photoinjector we considered is similar to the TINAF
06CH11357. FEL injector [9]. A DC photo emission electron source
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(the DC gun) produces electron bunches. The bunches dherefore we havéLTL =39x107* <« -2
compressed via ballistic bunching using a 1.3 GHz buncheght hand mequallty of Eq. (1) is margmally satisfied. 3hi
explains the larger emittance from the pancake simulations
The low energy sectionwhich is due to the fact that the accelerating gradient on
also incorporates two solenoidal lenses for the control dhe cathode is relatively low compared with a rf gun, and
the beam’s transverse envelope and emittance compentge transverse laser spot size cannot be arbitrarily isexka
tion [12]; see Fig. 1 for the relative positions of these eleas it is proportional to the thermal emittance [18]. In the
simulation presented in Fig. 3, the thermal energy of the
electron beam is assumed to be 40 meV at the cathode for

cavity [10], and then further accelerated tal0 MeV
in a TESLA type cavity [11].

ments in the beamline.

all kinds of laser shapes.

~ 0.5. The

1,
20
0.5t Table 1: Optimized parameters for various drive laser
—_ 15 beer-can egg pancake
E . DC gun voltage (KV) 740 748 728
< 10 laser lengthr, (ps) 9.7 10.4 132107
_og laser spotrg (mm) 0.32 0.30 0.43
' 5 thermal emit.e, (u m) 0.08 0.07 0.10
norm. emit.e]} (1 m) 0.15 0.13 0.30
BT —Ts o o 0 o bunch lengthr. (mm) 0.64 0.80 0.49
t (ps) uncor. energy spread (keV) 4.69 4.93 0.83

Figure 2: TheXt) projection of the ellipsoidal drive-laser.

To achieve sub-micron beam emittances, the shaping
the photocathode drive laser pulse is critical. In our simt - ¢ -thermal emittance
lations, several drive laser distributions are explorezerb —e— total emittance
can, pancake, and “egg” (which is a non-ideal ellipsoid) 0.15 ) o
The beer-can has a transversely uniform, longitudinalty fle ' &
distribution; the pancake is an ultra-shor {0s of fs rms) @
pulse; for the egg distribution, a 3-D ellipsoidal surfase i 01l 5 B
filled with uniform beam density. Both the beer-can [13] % -
and pancake [14] shaped laser pulse have been experim — -7
tally demonstrated, while the ellipsoidal laser pulse is ur | .
der developement [15, 16]. In Fig. 2, an example of th ' e
laser egg intensity profile is shown in thetf plane; some L@
structures exist in the two ends of the ellipse. -

0.2

5 10 15
OPTIMIZATION RESULTS [thermal energy (meVif

The Optimization Val’iables include the fO”OWing: driVe'Figure 4: The norma"zed tota' beam emittance and the
laser transverse spot size and longitudinal pulse lengifhermal emittance as a function of the thermal energy on
buncher cavity voltage and phase, booster cavity voltagfhe cathode; DC gun voltage is 735 keV.
phase and position, solenoid strengths and positions.

In Fig. 3, we plot simulation results using the three types As the thermal emittance depends on the choice of drive-
of photocathode drive laser pulses. We see the ellipsoid@ker and photocathode material, we have performed fur-
laser pulse gives slightly smaller normalized transvers@er injector optimizations for different initial thermah-
emittance than the beer-can. For the pancake case, the lgggies. without repeating the optimized input variable re-
gitudinal phase space is much smaller but the transversgits, we varied the input beam thermal energy and tracked
emittance is doubled; see Table. 1. In Luiten’s scheme [1%he particles through the injector. The results are shown in
to produce an ellipsoidal electron beam from a pancaksg. 4.
laser, the following conditions are required The upper limit of the dc gun voltage in the optimization
shown in Fig. 3 is 750 kV. However it should be noted that
in dc guns under development, voltages have so far been
limited to ~350 kV due to technical issues. Several groups
wheregg is the permittivity of free space. In our pancakeare working to improve this technology, including Cornell,
simulation, the total emission time is about 80 fs, the TJINAF, and Daresbury. Nevertheless, we optimized the
accelerating gradient on cathode is abéyt8.2 MV/m, injector at several fixed DC gun voltage values using the

ebom oo

1, 1
me? eoEy < (1)
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Figure 3: Beam parameter evolution along the injector baéae tthe transverse beam sizg, normalized transverse
emittance:??, rms bunch length, and the energy spread;.
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