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1 Executive Summary 

The Accelerator Technology Laboratory (ATL) benefits Jefferson Lab by increasing the 
effective beam time available to Nuclear Physics experiments. By testing, pre-
commissioning and quality assuring new systems that go into the accelerator, ATL 
reduces the commissioning and learning-to-operate time. Additionally, ATL positions 
Jefferson Lab at the forefront of Accelerator Physics research in the lab’s core 
competencies, namely, high intensity polarized electron sources, superconducting 
radiofrequency linear accelerators and energy recovery linacs. 
 

ATL fulfills the Accelerator Division’s mission as stated in the Strategic Plan. 

“…to advance the capability of Jefferson Lab to carry out world-class 
nuclear science and, …, to develop Jefferson Lab’s expertise in 
technologies associated with high-power superconducting linacs” 

The Strategic Plan identifies the following deliverables as essential in achieving this 
mission 

 Operate and upgrade Jefferson Lab’s accelerator facilities  

 Prepare the future evolution of nuclear physics experimentation at Jefferson Lab    

 Extend Jefferson Lab’s core accelerator competencies to challenge the frontiers 
of science, support DOE Office of Science projects and position the lab to take 
advantage of future development and partnerships  

 Attract and educate the next generation of accelerator scientists and engineers 

In order to achieve this mission, the ATL provides an integrated environment for critical 
developments for both Accelerator and Physics divisions.  For example,  

Accelerator Division can 

 Improve and upgrade the accelerator systems, e.g. the photo-electron gun for 
higher polarization, longer life times and stringent beam quality needed for 
precision experiments such as parity violation 

 Develop comprehensive quality assurance capabilities for components that will 
go into the accelerator, e.g. enhanced cryomodule testing with and without beam 
and low level RF controls (Experience shows that this capability results in 
considerable cost savings). 

 Understand  beam dynamics by developing and verifying simulations needed for 
future accelerators such as ELIC 

 Develop beam diagnostic instrumentation and control systems 

 Provide opportunities for undergraduate and graduate students to get hands on 
experience in accelerator science and engineering 

Physics Divisions can, 

 Understand and control Helicity Correlated Beam Asymmetries for precision 
parity violation experiments such as the proposed Moller experiment  

 Thoroughly test and gain confidence in using frozen-spin targets for transverse 
polarization experiments such as SIDIS. A PAC requirement for running these 
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experiments is a demonstration to Lab management of viable target lifetimes with 
a reasonable fraction of a nA of beam current. 
 

For the long term, ATL facilitates research, for example, in  

 SRF guns 

 Novel cryomodule designs for future facilities, e.g., at Jefferson Lab and FRIB 

 Development of a polarized positron source for Jefferson Lab 

 Energy Recovery concepts in SRF accelerators 

 Beam based instrumentation for both accelerator and nuclear physics 

 4.2K SRF linac based medical and industrial isotope accelerator tests 

 Verifying Advanced Design Algorithms 

 Coherent THz Radiation Source  

 ILC Injector  

 Advanced Drive Lasers 

 Compton X-ray Source  

 X-ray Source Injectors  

 Electron Diffraction Source 

Given these benefits, Jefferson Lab should embark in bringing forth ATL in well-defined 
stages which are commensurate with the laboratory’s strategic plans. 

The primary Accelerator Division departments involved are: 

 Center for Injectors and Sources (CIS) 

 Superconducting Radio Frequency Institute (SRF) 

 Center for Advanced Studies of Accelerators (CASA)  

 Accelerator Operations (Controls, Diagnostics, Operators) 

Interested groups from the Engineering Division are: 

 RF (high power, low level RF, RF based diagnostics) 

 Cryogenics  

 Mechanical Engineering 

 Safety Systems 

This document focuses on Phase I of the proposed project, namely, 5-10 MeV injector 
by expanding the present injector test area in the Test Lab,. 

The document’s organization is as follows: 

 An introduction, ATL at a glance, which contains a conceptual layout of ATL in its 
‘final form’, 

 Short introductions to the three proposed phases of development 

 Phase I plans including budget and schedule. 

2 Introduction - ATL at a glance 

At present, we have two physically separated areas with limited test and development 
capabilities, an injector test cave (capable of up to 200 KeV electron beam) and a 
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cryomodule test facility, CMTF, (with no beam test capability of cryomodules). There is 
no easy way to connect these areas that will realize and expand their full potential.  

Figure 1 shows the layout of present test areas in the Test Lab. Figures 2 and 3 show 
the Injector Test Cave and CMTF 

 

 

 

Figure 1 Present Layout of Injector Test Cave and CMTF in Test Lab 

 

Figure 2 Injector Test Cave 
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Figure 3 Cryomodule Test Facility 

The present injector test area is limited to low energy electron beam, possibly up to 500 
KeV and limits developing expertise and operating capabilities for experiments such as 
Moeller. The CMTF has no beam test capabilities and is inadequate to test large 
cryomodules, for example, FRIB cryomodules due to space and height limitations.  An 
integrated ATL will 

• Drastically reduce commissioning time in the accelerator, 

• Allow Operators to acquire expertise on systems before the systems move into 
accelerator, and 

• Make beam based tests of cryomodules possible (a large amount of 
commissioning time is spent in the accelerator after installation). 

These are few of the obvious benefits which increase beam time for experiments. 

 
 

Figure 4 Conceptual Layout of ATL 
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Figure 4 shows the Accelerator Technology Laboratory concept and figure 5 shows the 
floor plan. It should be emphasized that the component systems in the layout are not 
permanent and test systems will be rolled in and out to meet JLab’s goals.  ATL will be 
developed in three overlapping phases which are briefly described below. Subsequent 
sections provide detailed description of the R&D activities. 

 

 
 

Figure 5 ATL Floor Plan 

3 Phase I: 5-10 MeV Injector 

3.1 Phase I 

Phase I concentrates on two items, namely, injector with a quarter cryomodule capable 
of generating up to 5-10 MeV of electron beam at various beam currents and pulse 
structures and laying the infrastructure (such as RF, Cryogenics, LCW) for both the 
injector and the Cryomodule Development area. The expanded capabilities of this area 
will allow testing of larger cryomodules than the present CryoModule Test Facility 
(CMTF). 

As mentioned earlier, the present test cave is limited to 500 KeV electron beam.  We 
propose to extend the cave to accommodate a ¼ cryomodule in order to generate 
electron beams of 5 MeV in Phase I and higher in subsequent phases. Figure 6 is the 
schematic representation of Phase I injector. 
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Parity experiments have become the hallmark of the CEBAF experimental program, and 
significant effort is required to minimize helicity-correlated variations in beam properties  

 

 
Figure 6 Phase I Injector 

that can mask the parity-violating physics asymmetry being studied.  The proposed Hall 
A MOLLER experiment requires beam quality not yet achieved at CEBAF.  To meet the 
demands of this high-profile experiment, the CEBAF injector must undergo numerous 
upgrades to address: a) laser-table imperfections, b) limited photogun operating lifetime, 
c) less-than-unity injector transmission, d) two-Wien spin-flipper imperfections, and e) 
unwanted x/y coupling within the injector ¼ cryomodule that limits our ability to properly 
match the beam envelop from low-to-high beam energy.  Improvements implemented at 
the ATL will result in minimal downtime at CEBAF during scheduled production running. 

 

 
 

Figure 7 High Voltage ramping - Orbit Irreproducibility and Vacuum Degradation 
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To illustrate one such benefit, the effects of high voltage ramping on the electron orbit 
could have been studied at ATL instead of the accelerator, time that could have been 
better used for experiments. In addition, there is a stress factor associated with 
mitigating beam related problems in an operating machine (Fig.7). We have been 
investigating HV ramp rates on vacuum activity. It appears that slower ramp rates 
reduce vacuum activity. This work was performed at CEBAF and represented downtime 
for the accelerator.  

 

3.1.1 Understanding lifetime limiting mechanisms   

We have demonstrated that ion back bombardment [7] limits the lifetime of the 
photocathode. A recent study by Grames and Suleiman et al. clearly illustrated lifetime 
dependence on photocathode active area, the position of the laser beam relative to the 
photocathode electrostatic center (Fig. 8), and the size of the laser beam at the 
photocathode.  These tests have benefited CEBAF, where each of these parameters is 
now routinely adjusted to prolong photocathode lifetime and minimize accelerator 
downtime.  During Phase I, we will continue to conduct R&D that elucidates lifetime 
limiting mechanisms. In particular, we will study and understand the effects of ion back 
bombardment at higher gun voltages and test activation protocols with multiple alkali 
metals.  

 
Figure 8 Photocathode charge lifetime as a function of active area and radial 
position of the laser beam relative to the photocathode electrostatic center 

3.1.2 Novel DC High Voltage Photoguns 

The higher energy electron beam generated by a higher voltage DC gun results in a 
stiffer beam which retains small beam size, short bunch length and better transmission.  
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Appreciating this phenomenon was important for QWeak operating at roughly twice the 
current of previous high-current experiments at CEBAF.  Measurements made at 
CEBAF and accompanied by simulation results (Fig. 9), indicated improved 
transmission at bias voltage above nominal 100kV.  However, the original load-locked 
gun design could not support operation above 100kV due to field emission.   To achieve 
operation at higher voltage, a new design was pursued, one that relied on a small 
insulator extending into the vacuum chamber.  This design reduced field emission by 
reducing the amount of metal biased at high voltage and by eliminating regions of high 
field strength that were not associated with beam delivery.  The so-called CEBAF 
inverted gun (Figure 10) successfully operated at 130kV for QWeak, greatly improving 
injector transmission and thereby reducing helicity correlated charge asymmetry 
associated with scraping at apertures.  A second inverted gun successfully operates at 
200kV, an important design parameter of the new CEBAF injector.    

 

 
 

Figure 9 Bunchlength and Injector Transmission vs. Gun Voltage: Measurements 
(right) and simulation (left) The simulation predicts 100% transmission at 200 mA 

when gun bias voltage is 200 kV 
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Figure 10 Schematic views of the original load locked photogun (left) that 
exhibited field emission and the new “inverted” gun (right) that successfully 

operates at 200kV 

In Phase I, we will extend the inverted photogun design to operate reliably at 200 kV 
bias voltage, with the ultimate goal of reaching 500 kV in Phase II.  Such a photogun 
could be used at the Jefferson Lab FEL and for EIC applications including production of 
high bunch charge beam associated with electron cooling of the proton beam.  

3.1.3 Current, Long Lifetime photoguns 

In Phase I and continuing into Phase II, we intend to develop a polarized electron 
source for the EIC. We will develop reliable photocathodes with high polarization and 
high quantum efficiency, with improved operating lifetime at a sustained average current 
of several milliamps.  One potential avenue for improvement involves the use of 
Cryopumping to improve the vacuum within the photogun.  

3.1.4 Adiabatic damping for parity experiments 

The 5+5 booster cryomodule can be replaced by a new 2+7 cryomodule which 

incorporates low   accelerating cavities. (Fig.11). With a 200 kV gun, a modified two-
Wien spin flipper and an improved quarter cryomodule (10 MeV), we will be able to 
study and eliminate x/y coupling (Fig. 12). This will result in adiabatic damping, a highly 
desirable goal for precision parity experiments. By doing these studies at the ATL, we 
will simultaneously achieve the goals of installing a well understood system in the 
accelerator while training the operators in its use.  
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Figure 11 Phase II Injector Schematic 

 

 

 

 

Figure 12 Injector Configuration to eliminate x/y coupling 

 

3.1.5 Compact Injector with 500 kV photogun 

Building on the work done in Phase I, we will develop a compact 10 MeV electron 
source employing a 500 kV gun and a single 7-cell SRF cavity.   

By eliminating the need for a capture section, the 10 MeV injector design, has the 
obvious advantages of fewer components to control and maintain, and easier injector 
setup.  Such an injector could be used for numerous applications including compact 
THz source, Compton backscattering and electron cooling machines.   
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3.1.6 Photocathodes yielding near 100 % electron polarization   

Collaborating with industry, we will continue our efforts to improve the polarization from 
the present 85% to approach 100%.  The last remaining area that is still not well 
understood is halo and this will be addressed by the improvements to the Injector in this 
phase and the ensuing detailed optics studies.    

3.1.7 Improvements to photocathode lifetime with better vacuum   

As mentioned earlier, the source group has demonstrated that better vacuum in the gun 
results in a long lived photocathode. During this phase, we will employ a custom in-
house-built cryopump plumbed directly to the Jefferson Lab cryoplant. 
 
During Phase II, we will continue investigating techniques to produce electron beams at 
10 mA with sustained lifetimes of a week or longer. 

3.2 Beam Physics 

During Phase I, we will develop and commission two essential systems for improved 
CEBAF performance. 

3.2.1 Fast Feedback System 

CEBAF accelerator uses Fast Feedback System to keep the beam energy spread to σ 
(δE/E) < 10-4  for hypernuclear experiments and to suppress beam motion due to AC 
power harmonics. This system needs to be revised for easier maintenance and 
operation. Figure 13 shows the present Fast Feedback system. ATL provides a place to 
design, test and commission the system prior to installing in the accelerator, saving 
valuable beam time. 

 

 

Figure 13 Present Fast Feedback System 
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3.3 Coherent Synchrotron Radiation (CSR) Monitor 

During Phase I, we wish to implement and test improvements to a Coherent 
Synchrotron Radiation (CSR) monitor to non-invasively measure the length of very short 
(<1 ps) electron beam bunches. In collaboration with the University of Virginia, we have 
designed a CSR monitor. This monitor uses GaAs Schottky whisker diode developed at 
UVA, and is operated at room temperature at a wavelength of a few hundred microns. 
The detector is capable of detecting radiation power as low as ten nanowatts, 
depending on the operating wavelength (Fig. 14). 
 

 
 

              Figure 14 Power vs. Wavelength                     Schottky Diode Assembly 

For a given bunch length, the power peaks at higher levels and shorter wavelengths as 
the bunch length is made shorter. If the operating wavelength of the detector is fixed, 
the power depends very sensitively on the bunch length. Thus, monitoring the CSR 
power at a fixed wavelength is equivalent to monitoring the bunch length. The optimal 
wavelength for the detector depends, of course, on the bunch length to be measured. It 
should be noted that the CSR power goes as the current squared, all else remaining 
constant (Fig.15).   

 
Figure 15 CSR Power vs. square of beam current 
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We will computerize the controls and data analysis of the CSR monitor, coupled with 
automatic update of the bunching parameters of the injector. We will purchase an 
externally triggered A/D card to digitize the CSR output signal. In addition, we will 
acquire a computer controlled biasing supply in order that diode validation can be done 
from the control room. These two additions will produce an operational CSR monitor 
which can then be installed in the CEBAF accelerator.  

3.4 SRF 

SRF activities in Phase I are aimed at bringing the necessary infrastructure to facilitate 
Phase II and Phase III activities. 

3.4.1 Infrastructure additions 

The cryomodule development area will have the infrastructure (RF, Cryogenics, etc.). 
This new facility will provide a place to fully test and pre-commission the new booster 
module for the CEBAF injector upgrade by bringing power and cryogens into the injector 
vault. This module has several new and unique features (such as a low beta 2-cell 
cavity in the first slot), which have never been used at CEBAF before (Figs. 16, also see 
fig. 11).  

In addition, a new booster cryomodule for FEL is planned and will similarly benefit from 
pre-qualification before the overhaul of the FEL injector is launched. 

 
 

Figure 16 CEBAF booster string with 2-cell low-beta cavity in the upstream 
position 

The new cryomodule development area will also allow testing of cryomodules that are 
too large for the existing test cave, such as the FRIB half-wave box cryostats. When the 
vault is not needed for cryomodule testing, a horizontal test cryostat can be installed for 
cavity and component testing in vacuum. 
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3.5 RF Engineering 

During this time RF Engineering’s focus will be on bringing high power RF systems for 
beam acceleration in the injector and the cryomodule under test.   

3.5.1 Diagnostic Instrumentation 

ATL presents an excellent test area to develop precise beam position monitors. We 
would like to design a BPM system whereby the BPM itself can be moved with respect 
to the beam.  Presently, we use a Goubau set up shown in figure 18 below. In ATL, the 
BPM can be moved with a precision stepper motor and its position surveyed - a 
capability that is not available with an operating machine. This allows a calibration of the 
devices that move the beam in the machine, a very useful feature in a multipass 
machine. In addition, we will test cavity based beam position monitors for parity 
experiments. Our experience is that while simulations can provide much needed 
information, beam based measurements are essential for precise evaluation of the 
monitors’ performance.  

 

 

Figure 17 BPM test stand with Goubau Line 

4 Phase I: Details 

We will divide Phase I of ATL into 4 sections. 
1. 160 KeV section – from electron gun to A2 aperture 

2. A2 to 500 KeV section (capture) to ¼ cryomodule and 500 KeV Spectrometer 

3. SRF Accelerating Section 

4. Experimental  section – from ¼ cryo to HD-Ice, Bubble chamber, etc., up to 10 

MeV beam 

Each section shows  
1. Lay out as it exists in the CEBAF tunnel 

2. Equipment costs for that section (Equipment in hand is in green lettering, to be 

procured is in red lettering) 

Cost summary page contains the sum of these costs and the costs for infrastructure red 
lettering). 
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4.1 Section 1: 

 
Figure 18 160 KeV Section 

:  
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Figure 18 shows section 1 as installed in the CEBAF injector.  A version of this section 
already exists in the test cave and was used for many years as an injector test stand.  
While all the components used in the CEBAF injector may not be installed, the setup 
has all the essential components to transport polarized Electron beam to aperture A2. 

Section 1: 160 KeV 

Equipment Cost of Equipment Total Cost 

 In Hand  To be 
Procured 

 

Entire Section $500 K  $500 K 

    

 $500 K  $500 K 

 

Notes:  

 In hand means all hardware including electronics/readouts and no additional 

components need be acquired. 

 ATL does not need the extensive instrumentation which exists in the accelerator 

tunnel.   

 Costs do not include labor. 
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4.2 Sections 2 and 3:  

 

 

Figure 19 Section 2 and 3 -160 KeV to end of 1/4cryomodule 
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Figure 19 shows section 2 as installed in CEBAF accelerator.  Unlike CEBAF 
accelerator, ATL has only one beam and a number of components installed in the main 
machine could be reduced.  However, not all components needed to instrument this 
section exist and they have to be acquired.  

 

Section 2: 500 KeV  

Equipment Cost of Equipment Total Cost 

 In Hand  To be 
Procured 

 

 (First Orange Box)    

Chopper ~$200K   

3 Lenses @  $10K/unit  $30 K  

2 Correctors @ $1K/unit  $2 K  

1 Viewer @ $7K/unit   $7 K  

    

Capture (Second Orange Box)    

3 Lenses @ $10K/unit  $30 K  

Capture Cavity  $25 K  

4 Correctors @ $1K/unit  $4 K  

3 Viewers @ $ 7K/unit  $21K  

1 Beam Position Monitor @$3 K/unit  $3 K  

1 Buncher Cavity(*)    

    

500 KeV Spectrometer    

1 Dipole @ $10 K/unit   $10 K  

1 Viewer @ $7 K/unit  $ 7 K  

1 Low power Dumplet $5K   

    

 $205 K $139 K $344 K 

(*) Buncher cavity may not be needed. If needed, we could use FEL’s old buncher 
cavity which is being replaced  
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Section 3: SRF Accelerator  

Equipment Cost of Equipment Total Cost 

 In Hand  To be 
Procured 

 

¼ cryo module $1000 K   

High Power RF and Low Level RF $500 K   

 $1500 K  $1500 K 
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4.3 Section 4: 

Experimental Section – from ¼ cryomodule to HD-Ice  

 

 
Figure 20 HD-ICE Layout 

 

Section 4: HD-Ice  

Equipment Cost of Equipment Total Cost 

 In Hand To be 
Procured 

 

Beam Pipe $50 K   

2 focusing quads @  $10K/unit  $20 K  

4 Correctors @ $1K/unit  $4 K  

1 Viewer @ $7K/unit  $7 K  

2 Beam Position Monitor @$3 K/unit  $6 K  

1 Harp @ $17 K/unit  $17 K  

1 Faraday cup $5 K   

Beam current Cavity  $15 K  

1 Raster System @ $20K/unit  $20 K  

1 Low power Dumplet $5K   

 $60 K $89 K $149 K 
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The table below lists other items that are common to all four sections 

Equipment Cost of Equipment Total Cost 

 In Hand To be 
Procured 

 

Vacuum Systems (pumps, valves, diff. 
stations) 

$150 K   

Magnet power and controls (trim 
system) 

$260 K   

Concrete Shielding $70 K   

Controls System Hardware (VME and 
CAMAC) 

$350 K   

Machine Protection – 3 BLMs $2 K/unit  $6 K  

PSS CARM – base unit with 3 gamma 
heads 

 $20 K  

Other PSS (Gates, etc.)  $30 K  

 $830 K $56 K $886 K 

 

Summary of costs for all 4 sections: 

Equipment in Hand:  $3095 K 
Equipment to be procured:  $284 K 
 
Estimated AC power distribution:  $150 K (treated as procurement) 
HVAC system:  $150 K 
Estimated Civil work (removal of wall and a trench for HD-Ice, treated as procurement) 
$ 100 K 
 
 
 

Appendix shows Phase I injector layouts 
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5 Work Breakdown Structure 
 

 

 

  

Accelerator 
Technology 
Laboratory 

Infrastructure 

WBS 1.1 

Remove Wall 

WBS 1.1.1 

AC Power 

WBS 1.1.2 

Cryo Lines 

WBS 1.1.5 

LCW 

WBS 1.1.3 

Inst. Air 

WBS 1.1.5 

Beam Line 

WBS 2.1 

Safety Systems 

WBS 3.1 

Commissioning 

WBS 4.1 

160KeV to A2 

WBS 2.1.1 

A2 to ¼ cryo 

WBS 2.1.2 

500KeV Spect 

WBS 2.1.3 

To HD-Ice 

WBS 2.1.4 

Shield Wall 

WBS 3.1.1 

PSS 

WBS 3.1.2 

MPS 

WBS 3.1.3 

160 KeV line 

WBS 4.1.2 

¼ Cryo 

WBS 4.1.1 

500 KeV line 

WBS 4.1.3 

5 MeV  line 

WBS 4.1.4 

HD-Ice 

WBS 4.1.5 
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6 Organizational Structure  
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HD-Ice 

A. Sandorfi 

Diagnostics 

J. Hansknecht 
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7 Responsibilities 

Manager WBS 1.1 WBS.2.1 WBS 3.1 WBS 4.1 

Faciliites 1.1.1 through 1.1.4    

P. Adderley 1.1.3, 1.1.4 2.1.1 through 2.1.5   

J. Hansknecht 1.1.2, 1.1.3, 1.1.4 2.1.1 through 2.1.4  4.1.2 through 4.1.5 

O. Garza 1.1.2, 1.1.3, 1.1.4 2.1.1 through 2.1.5 3.1.3 4.1.2 through 4.1.5 

Cryo 1.1.5   4.1.4, 4.1.5 

SRF 1.1.5 2.1.2, 2.1.4 3.1.3 4.1.1,4.1.3 

K. Mahoney   3.1.2, 3.1.3  

Radcon   3.1.1, 3.1.2  

W. Kellner   3.1.1  

M. Poelker    4.1.1,4.1.2,4.1.3 

A. Sandorfi 
   4.1.5 

R. Kazimi  2.1.2, 2.1.3  4.1.1 through 4.1.4 

W. Akers   3.1.1  

P. Kjeldsen    4.1.1 through 4.1.5 
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8 Schedule 

Sequence 
1. Plan the whole beam line, starting with 160 KeV line, gun, and laser systems. 

The following steps assume project approval 
2. Commence Civil work at the beginning of new FY  

3. Start capture cavity design 

4. Plan the Personnel Safety system. Comes into service as soon as 160 KeV 

beamline is ready. 

5. Once Civil work is over, Install ¼ cryomodule 

6. Start installation of RF and control system hard ware 

7. Concurrently, add cryolines, LCW and instrumentation air 

8. Commence beamline installation including diagnostic elements 

9. Vacuum system installation 

10. Shield wall installation 

11. Control system software staging 

12. PSS installation and commissioning 

13. HD-Ice staged installation 

14. MPS staged installation 

15. 160 KeV line commissioning 

16. Capture section and ¼ cryomodule, no beam commissioning 

17. MPS installed and commissioned to 500 KeV 

18. 500 KeV spectrometer commissioning, no beam 

19. Capture cavity commissioning with beam 

20. 500 KeV spectrometer commissioning 

21. MPS to 5 MeV and HD-Ice commissioning 

22. Cryomodule commissioning with beam 

23. Beamline to HD-Ice commissioning. 
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9 Appendix: 3-D Layouts 
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Figure 21 Test Lab High Bay Area 
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Figure 22 Experimental Area with Shield Walls 
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Figure 23 Experimental Area with Shielded Roof 



Accelerator Technology Laboratory: Proposal  

35 

 

 

 
Figure 24 Injector Lay out up to 1/4 Cryomodule 
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Figure 25 RF Power Racks on the existing roof 
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Figure 26 Electronic Instrumentation Racks 
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Figure 27Experiments HD-ICE  Target and Bubble Chamber Experiment 



Accelerator Technology Laboratory: Proposal  

39 

 

 

 
Figure 28 View of the Complete ATL 


