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Compositions of ancient artefacts are examined for a variety of reasons including chronology, provenience, 

ancient technology and conservation studies. In particular, the elemental composition of archaeological 

pottery is of prime importance in fixing the origin of the pottery and thereby throwing light on trade routes 

and inter-regional connections between settlements in antiquity
4
. An intensive program of INAA was 

conducted at the Institute of Archaeology, The Hebrew University of Jerusalem, during the 1970-1990s
5
. 

Although that laboratory was closed as were other similar laboratories, new INAA laboratories have sprung 

up. Despite advances in other methods of analysis, INAA remains the favourite and best method for pottery 

provenience studies. The bulk of pottery data accumulated over the past five decades is based on INAA. 

These data, perhaps better than data obtained by other methods, can be integrated providing care is taken in 

accounting for the different standards employed by different laboratories and the different degrees of 

precisions attained. As a consequence projects that were suspended with the closure of laboratories can 

sometimes be concluded by combining resources from different laboratories. Examples will be given on 

how data from four laboratories, Hebrew University, Lawrence Berkeley National Laboratory, Missouri 

University Research Reactor
6
 and the University of Texas at Austin are utilized.    
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INTRODUCTION 

Phase I of SARAF [1] consists of a 20 keV/u ECR Ion Source (EIS), a Low Energy Beam Transport 

(LEBT) section, a 4-rod Radio Frequency Quadrupole (RFQ) injector, a Medium Energy (1.5 MeV/u) Beam 

Transport (MEBT) section, a Prototype Superconducting Module (PSM), a Diagnostic plate (D-plate), beam 

dumps (BD) and temporary beam line (Fig. 1).  

 

Figure 1. Layout of SARAF Phase I and the temporary beam line. 

 

According to Phase I design specifications; SARAF superconducting linear RF accelerator should yield 2 

mA CW beams of protons and deuterons, at energies up to 4 and 5 MeV, respectively. The achieved working 

points by today are for example; CW proton beams of 1 mA and 3.9 MeV and 1.9 mA at 2.1 MeV and for 

deuterons a pulsed beam at low duty cycle with 0.8 mA instantaneous current at 4.8 MeV. Nonetheless, 

during the last two years, alongside with continuous development of the facility, the accelerator has been 

operated extensively at each opportunity and significant new experience in beam operations has been 

accumulated. The main achievements in beam operation were demonstration of operation of intense proton 

beam on a thin foil target and the first experiments with the liquid lithium target. 

In this abstract we highlight the accelerator status, some significant improvements of the accelerator 

subsystems, as well as, experience in beam operations that has been accumulated since the last reports [1]. 

 

STATUS of FACILITY and developments OF ITS subsystems 

Detailed report on beam operation in 2012-2013 could be found in [2]. We had in average a hundred hours 

per year of high current proton beam on beam dumps and targets. Many hundreds of hours of beam 

operation per year were devoted to beam tune and beam studies.  

 

The new developments and modifications of the accelerator subsystems are listed in the table below: 



 

Subsystem 

 

Recent improvements and activities 

EIS/LEBT 1. Preparation of the integration of the slow-chopper into the 

machine safety system 

2. Introduction of the new beam blocker/collimator at the exit 

of the LEBT exit 

3. Introduction of two viewports for beam observation 

4. Preparation of a test bench for testing the magnetron power 

supply 

5. Beam dynamics simulations to demonstrate second order 

measured phenomena 

RFQ/MEBT 

 

1. Retuning of the RF amplifier to the higher  maximum 

reflected power 

2. Introduction of x-ray detectors along the RFQ barrel 

3. Introduction of new collimator/blocker at the MEBT exit 

4. Improvement of pumping capacity 

5. Replacement of the vacuum barriers for water cooling 

channels 

6. Preparation of the new end flange with the electron 

suppressor 

PSM 

 

1. Introduction of the new 4 kW RF amplifiers [3] 

2. Replacement of the faulty piezo tuners to superior high 

voltage ones 

3. Testing and introduction of DC breakers for RF couplers 

4. Preparation for better cooling  arrangement of the couplers 

[4] 

Beam Lines 
1. Introduction beam loss monitor system 

2. Development and installation of a heavy metal beam dump to 

overcome the hydrogen blistering problem 

3. Testing of a new pins based beam dump prototype [5] 

4. Preparation of a new pin based full scale beam dump 

5. Installation and commissioning of a new diagnostic chamber 

before LiLiT 

6. Installation and commissioning of the general use station 

before the beam dump 

7. Test residual gas beam profiler from GANIL [6] 

 

The main problems hindering the beam operation were: 1. Electrical power interruptions, 2. Lack of 

adequate target room infrastructure, 3 Deterioration of the performance of the control system. All the factors 

above are being addressed and will be improved in the near future. 

 BEAM OPERATIONS 

Beam operation in 2012 was focused on the thin foil target experiment [7]. These targets are very sensitive 

and in the past we experienced many failures. Significant progress was achieved in 2012; 3.6 MeV proton 

beam at the intensity of up to 300 

current main limit was the foil surface maximum temperature that was limited to 500±50 ºC. This was 

achieved owing to the following two factors; development and improvement of the target design and 

improvement of the beam diagnostics system and the tuning procedures. The radiation damage accumulated 

in the foil went up to 1 DPA and the target was still well functioning at this harsh conditions. 



 In 2013 the focus of beam operation was on the first experiments with the liquid lithium target [8]. 

Significant efforts were directed on beam tune on the lithium jet target, as the latter has very limited 

diagnostics possibilities. Two tests with high power CW proton beam were performed with the LiLiT 

target. The highest current applied on the target was 1.5 mA. The target exhibited robust performance.  The 

first attempts of measurement of neutron capture cross-sections were performed during these tests. In the 

near future the experiments with LiLiT will be major activity at SARAF phase I. 

 Beyond the two major projects above a number of minor experiments and tests were performed recently. 

These activities included: 1.low fluence irradiation of TLD crystals [9], test of a residual gas beam profiler 

with intense CW beam, test of a new beam dump prototype, test of a beam position monitor from GANIL 

and others. 

 

CONCLUSION 

The beam operation experience in 2012-2013 showed that at Phase I SARAF has potential to become a real 

user facility with intense beam schedule and high beam availability. The SARAF teams will strife to achieve 

this goal in 2014-2015.  

 

REFERENCES 

1. L. Weissman et al., Proceedings of 26
th

 Israeli Nuclear Societies workshop, Dead Sea, February 21-23, 

2012. 

2. L. Weissman et al., “SARAF operation in 2012”, Soreq NRC report #4444 and L. Weissman et al., 

“SARAF operation in 2013”, in preparation. 

3. B. Kaizer et al., proceedings of LINAC 2012. 

4. J. Rodnitzki et al., proceeding of SRF 2013. 

5. A. Arenstam et al., JINST 8 T07004 (2013). 

6. E. Gueroult et al, JINST 8 T08005 (2013). 

7. I. Silverman et al, proceedings of ACCAPP 2013. 

8. G. Feinberg et al., these proceedings; Sh. Halfon et al, these proceedings. 

9. I. Eliahu et al., these proceedings. 

 




