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Abstract 
ALBA is working on the upgrade project that shall trans-

form the actual storage ring, in operation since 2012, into 
a 4th generation light source, in which the soft X-rays part 
of the spectrum shall be diffraction limited. The project 
was launched in 2021 with an R&D budget to build proto-
types of the more critical components.  The storage ring 
upgrade is based on a MBA lattice which has to comply 
with several constraints imposed by the decision of main-
taining the same circumference (269m), the same number 
of cells (16), the same beam energy (3GeV), and as many 
of the source points as possible unperturbed. At present, the 
lattice optimization, iterating with the technical constraints 
of space and performance, is ongoing. This paper presents 
the status of the project, with the present proposed lattice, 
the proposed design for magnets, vacuum chambers and 
girders, the proposed RF system with fundamental and har-
monics cavities, and the general context of the upgrade.  

INTRODUCTION 
The main goal of the accelerator upgrade is the transfor-

mation of ALBA into a diffraction limited storage ring, 
which implies the reduction of the emittance by at least a 
factor of twenty. The upgrade has been conceived as a cost 
and time effective process, to be realized by the end of the 
decade and profiting at maximum from the existing infra-
structures.  

It has been decided that the storage ring (SR) upgrade 
shall be done without any major modification of the shield-
ing tunnel, and that the Insertion Devices (IDs) will remain 
at their present position. The beamlines will be upgraded 
to profit from the new lattice, though there will be minor 
changes on the ID light sources. 

The beam energy will be maintained at 3 GeV, after hav-
ing considered several factors, among them, that increasing 
the energy of the SR would require replacing the whole 
booster, increasing the cost of the project and lengthening 
its realization.  

The circumference of the upgraded SR is constrained to 
be the same length as in the present SR in order to reuse 
the tunnel; and since we want to preserve also the IDs po-
sition, a sixteen-cell geometry is imposed, which implies 
that a very compact cell is required.  

 
Withing the program “Enabling Technologies for ALBA 

II” [1], the design and prototyping of the different compo-
nents for ALBA II is under progress. 

LATTICE 
Since the last lattice proposal presented in 2023 [2], sev-

eral iterations have been performed in order to deal with 
the dynamic aperture requirement for injection and life-
time, finding out that, given the limited available length for 
the arc, a 5BA lattice does have a better non-linear perfor-
mance that the previously proposed 6BA, without a severe 
degradation of the emittance. As a conclusion, the present 
lattice proposal for ALBA II is a 5BA with an emittance of 
around 240 pmrad.  

In addition, in order to maintain the same transversal po-
sition of the actual IDs of ALBA, the symmetry has to be a 
four-fold, with three different straight section lengths: 4.7, 
4.3, and 3.7 m, and high horizontal beta sections, one of 
them to be used for injection. 

Of the three other high horizontal beta sections, two will 
be used for the installation of the RF cavities, both funda-
mental at 500MHz, and 3rd harmonic at 1.5GHz. 

The rest of the straight sections will be for IDs, main-
taining the actual ones, and having space for three more 
new ones. Two of these will be used for long beam lines.   

Figure 1 show the optics functions of the present design. 
The details of the current lattice are presented in [3]. 

 

 
Figure 1: Optical functions of the 4-fold 5BA lattice pro-
posed for ALBA II.
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MAGNETS 
The base technology chosen is the standard electromag-

nets, and we have launched the prototype production of the 
different types required for ALBA II, as shown in Table 1.   

Table 1: Electromagnets Protoypes 

Magnet type Field 
Quadrupoles (Q3) -95 T/m 
Dipole-Quadrupole (QD) 1.25T ; -26.2 T/m 
Dipole-Quadrupole (QDS) 1.16T ; -4.8 T/m 
Reverse Bend (QFS) -0.45T ; +70 T/m 
Sextupoles (SH & SV) 5000 T/m2 

Corrector (COR) 0.05T 
  
In addition, we are currently designing permanent mag-

net based versions for two of the magnets, one to replace 
the QDS, and another to replace some of the QD by a Su-
perBend with dipolar and quadrupolar tunability. This later 
is expected to deliver a field at the central pole of more than 
3T, see Fig. 2. 

 

 
Figure 2: Design of a permanent magnet SuperBend with 
dipolar and quadrupolar tunability. 

 Details of the magnets designs and prototyping status 
are presented at [4]. 

GIRDER 
 The design of the girder has been driven by a main 

constrain, that the weight of the girder with all the magnets 
assembled should be less that 12Tn -which is the capacity 
of our crane-, so that the full assembly can be installed di-
rectly on the tunnel with the crane, minimising the instal-
lation time. See reference [5] for removal and installation 
details. 

With this constrain, we have concluded that five identi-
cal girders will be required for one cell, shown in Fig 3. 
Details of the design can be found at [6]. 

 

 
Figure 3: Girders with the magnets assembled. 

Two different prototypes will be constructed in order to 
assess the optimum construction concept to ensure the best 
stability of the system. 

VACUUM 
Aiming to achieve the best vacuum performance, and the 

lowest impedance effects, while keeping the overall project 
risk and maintainability under control, the vacuum system 
solution will be based on a hybrid configuration, combin-
ing 16mm internal diameter NEG-coated copper round 
chambers with a conventional antechamber design for 
power management and localized pumping. Stainless-steel 
chambers will be used at the position of the correctors. 

Synrad+ and Molflow+ [7] simulations have been per-
formed, and indicate that the mean CO equivalent pressure 
after 100Ah beam dose will be around 2.10-10mbar. 

To demonstrate the validity and manufacturability of the 
proposed solution, a number of vacuum chamber proto-
types will be fabricated: 
 Long dipole copper chamber, with antechamber and 

built-in integrated crotch absorber, as shown in Fig. 4. 
 Short dipole copper chamber, featuring a conventional 

crotch absorber and the ID light extraction port. 
 Fast corrector stainless steel chamber, with integrated 

BPM block and RF shielded bellows. 
 
Due to the compactness of the lattice, the use of Matsu-

moto-Ohtsuka (MO) type flanges [8] is proposed. 

 
Figure 4: Long dipole copper chamber, with antechamber and built-in integrated crotch absorber. 
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RF 
 The main RF system of ALBA will be reused for 

ALBA II, since its operation parameters will be very simi-
lar and the nominal frequency will be kept at 500 MHz.  

In addition to the main RF system, for ALBA II the use 
of a 3rd harmonic system (3HC) is mandatory for increasing 
the bunch length, and so, the lifetime. For this purpose, a 
complementary RF system operating at 1.5 GHz is fore-
seen.  

In summary, ALBA II will have six cavities working at 
the fundamental frequency of 500 MHz, and four 3rd har-
monic cavities at 1.5 GHz. Both will be active normal con-
ducting HOM damped cavities. They will be installed in 
two straight sections. Figure 5 shows the foresee imple-
mentation of the cavities in one section. 

 
Figure 5: Three fundamental and two harmonic cavities in 
one section. 

A prototype of the 3rd harmonic active cavity is being 
tested successfully in collaboration with DESY and HZB, 
both in single and multi-bunch mode, which has demon-
strated the feasibility of such a system for ALBAII, PET-
RAIV and BESSYIII. See reference [9]. 

Having demonstrated its feasibility, the series production 
of four 1.5GHz RF systems is underway, including the cav-
ities, the solid-state amplifiers, and the LLRF system [10]. 
Four cavities will be installed at the present ALBA storage 
ring to have them operatives before the upgrade.  

INJECTION 
The existing ALBA booster, thanks to its large circum-

ference, delivers a beam emittance as small as 9 nmrad, al-
ready suitable for the injection into the upgraded storage 
ring. But the injection into the new storage ring will be 
more difficult compared to the existing ring, mainly due to 
the strong reduction of the horizontal dynamic aperture and 
the reduced injection straight length. The best scheme that 
fulfils these conditions is injecting with a single fast pulsed  
multipole kicker magnet installed in the same straight sec-
tion as the septum magnet.  

The multipole kicker under study for ALBA II is a novel 
design, called Double Dipole Kicker (DDK), where eight 
conductor rods are arranged in order to produce a sextu-
pole-like behaviour around the center, resulting in zero 
field at the stored beam position and a field peak at the in-
jected beam position [11]. The DDK will be powered by 

two pulsed power supplies for tuning the field profile. 
When switching off one of the power supplies the kicker 
can be used in dipolar mode, allowing on-axis injection, 
which can be very convenient during ALBA II commis-
sioning. 

In order to test the concept before the upgrade, a proto-
type specifically designed for ALBA is under production. 
It will be installed in the existing ALBA storage ring to test 
the injection stability with such a system. Figure 6 shows a 
picture of the design of the DDK prototype.  

 

 
Figure 6: Double Dipole Kicker (DDK), with the two 
pulsed power supplies. 

UPGRADE PROJECT 
The upgrade ALBA II is a larger project than only the 

accelerator replacement. It includes also the upgrade of the 
existing beamlines, and the expansion of the infrastructure 
towards an adjacent plot of land to allow for the construc-
tion of up to three new long beamlines [12].  

It will also serve as a synergy centre to create a scientific 
and technological pole in the area. Fig. 7 shows an artistic 
view of the future ALBA II infrastructure. 

 
Figure 7: Artistic view of future ALBA II facility. 

The project is not yet fully approved, but we are already 
operating with a budget for prototype construction, and the 
close-by land for the expansion has already been secured. 

CONCLUSION 
The project for upgrading ALBA to an ultra-low emit-

tance, 4th generation, light source ALBA II is underway. 
Still under design, a series of prototypes for magnets, vac-
uum chambers, girders, and pulsed elements are foreseen 
to be produced by the end of 2025 [1].
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