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Physics Today, Sep. 2006.
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Science-based cleanup
of Rocky Flats

David L. Clark, David R. Janecky, and Leonard J. Lane
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The chemical and phflcd interactions of radioactive compounds are key to
undersiundlng ow they can contaminate the environment and, more 1 L 1

importantly, how best to remove them. 22.25 2227 2229 2231 22.33
X-RAY ENERGY (keV)
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= that the cleanup for Rocky Flats would cost in excess of
¢ $37 billion and take 70 years to complete. By 1996, DOE and
independent contractor Kaiser-Hill Co had initiated a mas-
M sive effort that eventually resulted in a credible plan to ac-
celerate the closure of Rocky Flats by 31 December 2006 at a |
ol el el ke gy contracted cost of $7 billion. After a troubled start, Kaiser-Hill
completed the task nearly a year ahead of schedule.

$37B (705 5HE) — $7B(104ET5ET) 3JkADHEIH 7
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Organization and Responsibility
Committee for project

High power RF

Osaka U. | i ) Compact Klystron
SANKEN Main Institute
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2. Status of basic technologies




Photo-cathode RF Gun
for 1.3GeV ATF Linac

From 2002 onward, successive improvements have been incorporated into newer models of the
RF gun. Most recently, in 2008, a new gun incorporating all of the earlier modifications was
produced for the ATF. A typical transverse emittance of 1.3 7 mm - mrad has been obtained under
solen01d ﬁeld of'ﬁ?ﬂLbeam intensity of 1.6nC/bunch, and RF'power of 9 MW

! -=-_=-Conventional (non super fine lathe)
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Photo-cathode RF Gun Development

S-band RF Gun: 120MV/m "1 ’
JFY2004

300nC/pulse achieved.
L-band RF Gun: 40MV/m

Half cell: 55mm

Full cell: 100mm

Disk thickness: 20.1mm

Disk iris(2a): ~54mm

Cavity diameter(2b): ~180mm

Schedule
JFY2009 — JFY2010
1000nC-5000nC/pulse

Backing Solenoid Main, Solenoid

JFY2010 — JFY2011

Soft X-ray Generation :
1.3x10"photons/secl1%bandwidth
£ i : e e L Beam
a4 TT
100 285 n

position
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Distributed RF Source (DRFS) for ILC application

ILC Baseline RF unit consists of one Modulator, 10MW Klystron, PDS, three Cryo-
modules which include 26 9-cell SC Cavities. New proposed RF unit consists of one
small Modulator, 350kW Klystron and one 9-cell SC Cavity.

RF Source ~$500k
Modulator ~$800k
PDS ~$600k
Total ~$1900k

10.3.1 21
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R/D Status for Compton Scheme

We established two important

- - - iezo housin
techniques which are slow cavity §

cam
length control method and overall |
fast feedback method. &
Result Laser |
|
60 1 Entries == 1205 . .
X _ o e Mirror housing
50— , 7% nd €9.21/79
E N 44.44 + 1.67
40— == e
e E
3 30
- o 15 bunches / train

10—

05300400 6008001000 1200 1400
Energy deposit [MeV] )
We detected 27 gamma-rays / bunch train.

generation 60 gamma-rays / train to all angle.

-60><2.16MH2 ~ 1.2 x 10° [gamma / second]

Revolution



X-ray Detector Development

Measured S/N ratios of several detectors

S/N Average laser power
Direct scintillation detector 1/4 40.6kW
Scintillation detector after Bragg Reflection 1.98 32kW
MCP detector 1/1.3 30kW
Si-PIN photo diode after Bragg Reflection 1/3 24.2kW
10
0 , L
N SOT Pixel Detector Radiation
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Time [nsec]

MCP detected 100 pulses
X-ray train.
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SOI(Silicon On Insulator) technology
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3. New Laser Storage Scheme using
picosecond mode-locking 1yum laser
with super-cavity




" Development for Polarized Optical Cavity (3D-4mirror)

Spherical mirror

interaction point

Spherical mirror ' 8
CW laser
K Vi
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New fast switching for circular polarization X-ray

Development for laser accumulation

bpe A2 }ﬂecﬁon / 3D-cavity
N, - /
PBS /
AN DN
S»pol.//
@ermr signal
New laser storage scheme, so called
‘self-starting oscillator scheme*
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4. Plans and schedule




S-band Linac with photo- Multi-bunch electron beam generation, pulse laser
cathode RF gun accumulation system Upgrade, R&D of precise
Ty e ' multi-collision control will be done using this normal
conducting facility by 2011.
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Plan for X-ray Appllcatlom
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Solenoid

Q-magnet S-band accelerating tube (3m) Qmagnet  Chicane Cathode: CsTe
Emittance measurement

Beam cnergy and cenergy spread measurements Photon Spectrum in 20mrad
Energy SMeV 50MeV O S S I L L I L L L BN B B
Intensity 0.5nC/bunch 2nC/bunch I |
Num. of Bunches 8000 bunches 100bunches :— —:
Bunch spacing 2.8ns 2.8ns 2 2 SX 1 08 phOtonS/SeC ]
Bunch length 10ps 10ps ]
Repetition Rate 12.5 train/sec 12.5 train/sec (5 ki eV, <2 Omrad) E
Normalized Emittance 0.5 tmm * mrad |2 mmm * mrad or- ]
Beam size(o,, o,) at C.P. 60um, 20um 50um, 25um i ]

wavelength 1064nm 05~ ]

Intensity 10mJ/pluse I 1

FE st oidlin Ugs 0’00— - 1(|)o| - lz(l)ol - IS(IJOI - l4(I)o B 5;)0

Beam size(o,, o,) Spm, 8um Photon energy [eV]




generate following soft X-ray by the collision with laser pulse.

Bunch charge 0.5nC
Repetition rate 12.5Hz
Bunch spacing 2.8 nsec
Number of bunches/pulse 8000

Total charge/pulse 4000nC
Current 178.57mA
Maximum beam energy SMeV

Beam power 250.0W (250.0MeVpA)

X-ray magnet
detector

Analyzer Magnet ollision Point m Linac
Detector

I 2.3m '



R&D for Pulsed SC acceleration system

— 5 years schedule

2008: R&D for 30MV/m 9-cell SC Cavity SEOTIEG TS @ A6 ETi)

and Test
2009: R&D for stable operation of the SC Cavity and Research of the surface condition
and modified manufacturing of
Compact RF Source System the Cavity, and Test

Final Cavity
Manufacturing

2010: Establishment of 30MV/m 9-cell SC Cavity
Final Fabrication for two 9-cell SC Cavities System

2011: Final Gradient Test and Installation to Cryomodule Test of the Cavity

for Beam Acceleration Test at STF
Beam operation
(Experiment for Proof of Performance will start from the autumn of 2011.) of Facility

2012: Stable pulsed beam operation at following facility
Generation of high brightness X-ray at STF

STF Laser D

Light Source Laser

) STF Capture Cavities STF
STF RF gun a 36




Target Value of Quantum Beam Program on Development for
Next Generation Compact High Brightness X-ray Source using
Super Conducting RF Acceleration Technique

Pulsed SC operation:1.3x10"! photons/secl1%bandwidth
(CW SC operation:5.4x10"° photons/sec1%%bandwidth)

Photon Beam Generation

Establishment of Advanced Technology for Compact X-ray with
1.3x10'" photons/sec1%bandwidth or more by 2012.

SHz Operation, 2.6x10° photons/secl1%bandwidth every 200msec
should be detected at STF.

30MeV,10mA, 162.5MHz bunch train

Laser pulse energy:5S0mdJ/pulse, 10psec pulse width

Junji Urakawa on Nov. 28, 2008
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