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S U M M A R Y

I. Project Title

Development of the Beam Utilization/Application Technique

I I . Objectives and Necessity of the Project

High power proton accelerator is considered as one of national

fundamental research facilities and a key to advanced nuclear

technology development, having been widely used in an undetachable

relationship with nuclear research in advanced countries. Our High

Power Proton Accelerator will be installed in several phases as an

upfront facility of the Nuclear Waste (Nuclide) Transmutation System.

It is expected that a common understanding and a general agreement

over proper utilization of the Accelerator should be deduced and that

a User Program for beam utilization and application should be firmly

established in time for the completion of each phase of the

accelerator. This High Power Proton Accelerator will consist of

several component accelerators and, from upfront, accelerators such as

Beam Injector, RFQ, CCDTL, etc. will be installed in sequence and

deliver respectively at each stage beams of 3Mev, 20Mev, lOOMev, etc.

to be variously utilized for general industries, defence industry,

medical treatment, environmental protection and basic science

research. In order for the Accelerator to be fully utilized as a
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national fundamental research facility beyond nuclear field, it is

necessary to formulate a proceeding plan of the User Program for the

Accelerator and to cultivate industrial utilization/application

studies of proton beams accelerated by Beam Injector or RFQ of the

Accelerator.

III. Scope and Contents of the Project

In preparation for proton accelerator which is proposed to be

built, the MeV beam applications, industrial applications of the

injector beam and user program in development of the beam

utilization/application technology are developed.

1. Development of the MeV beam applications

a. Application study of power semiconductor carrier lifetime

con t ro1 techn i que

The definition of power semiconductor devices is based on blocking

voltage>100V and current rating>lA. At present time, carrier

lifetime control techniques apply to IGBT, Diode, Thyristor and a part

of Power IC Devices. There are several techniques such as transition

metal diffusion, electron irradiation and proton irradiation as the

method of carrier lifetime control. Now gold doping and electron

irradiation techniques are the more common ones in industry. As local

lifetime control technique, proton irradiation is useful tool in the

fabrication of advanced power semiconductor and applied to the

production of GTO. Therefore we studied the carrier lifetime control
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techniques, market trend and prospect by using proton accelerator.

b. Development of a specific element detection technique

Possibility of mine and explosive detection technique by using the

photo-nuclear resonant reaction between a specific element and the

gamma-rays is confirmed by the theory and basic experiments. The

gamma-rays are produced by nuclear reactions that occur when an carbon

target is bombarded with a 1.75MeV proton beam whitch is dbtained from

the proton accelerator.

c. Radioisotope Production

General usage of RI's is studied and it is summarized how to

produce major RI's. The production methods include conventional ones

and ones which use high power proton accelerator. Then we summarize

the history and status of producing and using RI's. We establish the

stratege to produce RI's by using 1 GeV, 20 mA proton accelerator.

d. Production and Utilization of Neutrons Produced by MeV Proton

We investigate the characteristics of nuclear reactions of target

material irradiated by 3MeV(RFQ) proton beam and neutrons produced by

nuclear reactions. Then we describe 3 different applications, which

are BNCT(Boron Neutron Capture Therapy), movable neutron radiography,

movable neutron activation analysis.

e. Development of industrial applications of the injector beam

As the injector beam irradiate to increase the electrical
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conductivities of the surface on semiconductor packaging tray to

protect static electricity, we confirmed the possibility of industrial

application.

2. Development of user program

To prepare the high power accelerator user program, foreign user

programs for large accelerator facilities, which are well organized

and already settled down as a result of many years' or decades'

operation experience, were surveyed and the user related status of the

KOMAC class accelerators under construction was also surveyed. The

survey was conducted through conference attendances, visits,

interviews, seminar openings, or internet searches. In addition, the

utilization as well as application areas of the KOMAC are categorized

and four surveys of user's requests and markets were conducted via

e-mails, mails, telephones, or visits. An internet home page and

seminars for the KOMAC user program were provided. As results, lots of

accelerator relate person and even publics could join or get

acquainted with the KOMAC program. The research potential area for the

KOMAC of near future was suggested and provided ^through the analysis

of collected data and informations.

IV. Results of the Study

1. Development of the MeV beam applications

a. Application study of power semiconductor carrier lifetime

control technique
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There are several techniques currently employed by various

manufacturers in the fabrication of fast switching power

semiconductors. Gold doping and irradiation by electron beams are

among the more common ones. In the future, the proton irradiation

which will be accepted as a reliable tool for local lifetime control

is a major technique in the fabrication of advanced power

semiconductors. The following table shows the comparison of gold,

platinum, electron irradiation and proton irradiation for controlling

carrier lifetime in power semiconductors.

Contents

Trade-off

r H/T L

Equipment

Control

Reliability

Uniformity

Temp,
dependence of
leakage current

Temp,
dependence of
carrier lifetime

Recovery of
carrier lifetime

Au

excellent

excellent

spin coater,
furnace
source,

diffusion temp.,
time

medium (poor)

medium(poor)

very large

small

no

Pt

good

good

spin coater,
furnace
source,

diffusion temp.,
time

medium(poor)

medium(poor)

large

small

no

electron irradiation

medium

medium

electron
accelerator

energy, dose

good

good

small

large

150 t(some)
400 °C(most
defects recover)

proton irradiation

excellent

good

proton accelerator

energy, dose

good

good

small

large

150 °C(some)
350 °C(some)

b. Development of a specific element detection technique

In the study of explosives and drug detection technology, we

analysed the present technology and investigated the domestic and
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internal-external demand. From the analysis, we confirmed that the

explosive detection device using proton accelerator and gamma

resonance scattering should be relatively superior to the present

devices in economics and accuracy. We also have applied for a patent

of the explosive detection device using proton accelerator and

registered a computer code to calculate gamma ray characteristics. A

state-of-art report of the present mine detection technology was

published for the development of a land-mine detector using proton

accelerator. The probability on the development of explosives and mine

detection technology by using gamma resonance scattering was confirmed

in the experiments using the Tandem accelerators. As a result of

pre-experiment, the gamma resonance absorption technology to detect

explosives was verified successfully. And the principle of resonance

scattering technology was confirmed. But for the verification of field

application, a higher beam current is needed. We have a plan to

perform another experiment for the verification. The result of present

experiment was reported at the spring meeting of the Korean Physical

Society 1999. In order to commercialize the explosives and mine

detection technology, we proposed it to the 1999 dual-use technology

development program.

c. Radioisotope Production

There are some methods to produce RI's by using proton accelerator.

One is to use nuclear reaction by proton irradiation such as (p, y ),

(p, d) and another is to use nuclear reaction by neutron produced by

proton such as (n, y ), (n,p), (n,xn). We can also irradiate proton or
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neutron produced by proton on U or Th.

Production of RI's at each stage of accelerator completion is

following.

We use 1st stage CCDTL 20 MeV proton ;

•Using 100Mo(p, pn)99Mo for Mo-99(Tc-99m) production

•Ga-67, Tl-201, Co-57, 1-123

•PET nuclids such as C-ll, N-13, 0-15, As-74

2nd stage CCDTL 100 MeV proton ;

•Tl-201, 1-123 can

• Using 232Tht ^ ( p , f)99Mo for Mo-99(Tc-99m) production

• Using fast neutrons produced by (p, n)

260 MeV proton ;

•Using spallation reation of U-238 etc(more than 1,000 RI's)

1 GeV proton ;

•Using spallation reation of U-238 etc(more than 2,000 RI's)

d. Production and Utilization of Neutrons Produced by MeV Proton

(1) Neutron production

Target

Li-7

H-3

Sc-45

Reaction

Liy(p,n)Ber

H3(p,n)He3

Sc4!>(p,n)Ti4!)

Threshold
Energy
(MeV)

1.88

1.02

2.91

Neutron Production at 0°
(proton=3MeV)

fluxfn/cm^. sec/mA)
{lm from target)

-10 7

-10'

-10 s

Energy Range
<keV)*

-30 - -1300

-60 - -2000

-10 50

(2) Neutron application
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Applications

BNCT

(Boron Neutron Capture Therapy)

Movable Neutron Radiography

Movable Neutron Activation Analysis

Neutron

flux

(n/cm2. sec)

>10s

>106

*

Energy

epithermal

thermal

Mode

CW

cw

CW

* Varies according to analyzing elements and background

(3) Target system

BNCT requires the highest neutron flux, therefore proton current is

decided according to BNCT requirement. Li target is the most

appropriate for the 3 applications and we design the target system

including moderator and reflector.

e. Development of industrial applications of the injector beam

The surface resistance decreased from insulation resistance to 106

~ 109i2/n after irradiating the injector beam on the semiconductor

packaging Tray(MPPO). From the results we know that it is in the

range of industrial application.

2. Development of user program

• Description of the KOMAC project and its utilization/application

areas were provided at an internet website in order to internationally

introduce the KOMAC project and in order to receive strong support
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from the public.

• Seminars and interviews with scholars of international reputation,

visits of advanced facilities, and surveys on accelerators of the

KOMAC's class, were conducted and the results can be summarized as

the following. The KOMAC of 20mA, lGeV(CW), and 20MW, is an

internationally advanced accelerator which could provide solutions for

nuclear spent fuel and energy problems. The multi-purpose idea of

extracting diverse beams in energy and current for industrial

applications receives internationally positive evaluation and this

idea gradually spread into the international accelerator community.

For detailed informations, see the results of l'st-3'rd International

Review Meetings. (1'st meeting; September 3-4, 1997, SNU Faculty Club,

2'nd meeting; February 9-10, 1998, Chungang University Ansung Campus,

3'rd meeting; February 4-5, Korea Atomic Energy Research Institute.)

Now, Korea is face with severe economic difficulties. By carrying out

a big national project such as the KOMAC, lots of jobs are newly

created, new employments are achieved, and, above all, self-confidence

of constructing world-best facility in Korea by our own ability will

give a positive hope to the public.

•As a result of four surveys on user's markets, high flux neutron

science related fields received much interest and many scholars of the

Korea Nuclear Physics Research Group gave strong support by providing

much information on research topics and spin-off impacts. In many

cases, the responses were limited to the experiences and informations

of their research fields. Thus, long-term user education and user
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program development are found to be very important.

V. Future Applications

The main objective of the Development of Beam

Utilization/Application Technology is to develop the various fields of

using proton accelerator which will be installed in several phases, we

know that one of them is in the range of the possibility of industrial

applications in the production of a semiconductor packaging Tray using

injector beam. In the MeV beam applications, we will put it to

practical use in the production of power semiconductors, development

of commercial proton accelerator, then detection of the explosive or

land mine as one of a specific element detection technique. The basic

strategy for RI production is established for 1 GeV, 20 mA proton

accelerator. Based on this, we will establish a RI production system

with the cooperation of other institutes. In production and

utilization of neutrons produced by MeV proton, We will design the Li

target system and simultaneously perform the bench mark experiment of

neutron production by using //A proton accelerator. And then We will

install the examined target system and use neutrons for the 3

applications when 3 MeV proton beam is available at KAERI.
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2. Development of user program

In the 21'st century, the technology development will be mainly

derived by the civil and commercial organization and diverse R&D

products from universities, research institutes, and industries are

requested by using basic facilities furnished by the government.

Thus, the creation and education for the potential user should be

performed continuously in parallel with the facility development in

order to maximize the operation and utilization efficiency when the

facility development is finished. Considering the domestic economic

difficulties and the beginning stage of the KOMAC construction, the

importance and priority of the user program could be under evaluated.

However, in order to efficiently achieve the aim of the KOMAC program,

its user program should be well prepared and investigated with the

facility construction. By applying these results to industrial and

academic researches, we can cultivate the industries of high profit,

create new employment, achieve academic development, and finally

develop national competitive power. Now, the cultivation of the young

leader who will derive the new application areas and users at each

construction step is the most urgent one. Through the training of

selected potential users at diverse accelerator facilities of the

KOMAC class, they will successfully lead the KOMAC facility and its

user program in the future.

- Budget approval for the user creation and user program development.

- Single channel for the survey of user requests/opinions and the user

education.
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- By receiving strong support from the public through diverse meetings

or public hearings, we should introduce to the public that the KOMAC

is the clean, green, and peaceful project for the well-beings of all

the citizen in the future.
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Table2.1 Comparison of Gold, Platinum, Electron irradiation, and

Proton irradiation for Controlling Carrier lifetime in Power

Semiconductors

Contents

Trade-off

r H/r L

Equipment

Control

Reliability

Uni formi ty

Temp,
dependence
of leakage
current

Temp,
dependence
of carrier
lifetime

Recovery of
carrier
lifetime

Au

excellent

excellent

spin coater,
furnace

source,
diffusion
temp., time

medium(poor)

medium(poor)

very large

small

no

Pt

good

good

spin coater,
furnace

source,
diffusion
temp., time

medium(poor)

medium(poor)

large

small

no

electron
irradiation

medium

medium

van de graff
type electron
accelerator

energy, dose

good

good

smal 1

large

150 °C(some)
400 °C(most
defects
recover)

proton
irradiation

excellent

good

ion accelerator

energy, dose

good

good

small

large

150 °C(some)
350 °C(some)
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Spectrometer), RBS(Rutherford Back Scattering), PIXE(Particle Induced

X-ray Emission)*} ^ ^ r

5 a *
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(2) 54*1

471

(3)
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ojofl 3~5M

7}

992kni2oll

Af) o l §

1998/10/29

1999/02/25
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£ ai*H. < £ W ^ 13C S * j ^ Compound Reaction^]

9.17 MeV # n H

, 9.17 MeV #nKio) 14N

4 ^^.«V 71 i

Simulation^ ^^S.-H

fe Background^} Noise -§-ofl

1-^^ 1.7MV ^ 7f^7ll- oj-g-^H 1.75MeV5]
13C 99?« ^s^t foil S^^il ^ 4 ^ H 9.17MeV ^ 1 - ^ ^

13c S^^I ^^1 ]^ 121.1

, 13C(p, r) HN

Melamine ̂ ^ A)^.^1 ^*V ̂  ^ 3 ^ . a]

2"X2", 3"X3" Nal(Tl) scintillatorl- 4-§-

Melamine Powder^ 10cm, 20cm ^°]^i * l ^

5cm ^S]D] -g-7Hl ̂ of -ô ofl 4-€-^^K ^ -y^w ̂ * H 0.3mm Mylar
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HQ 3-21. Gamma Resonance Absorption

2.

7\. Excitat ion Function-^]
13C(p, y)14N

Bias

Excitation Function^ t^g-

7^715J Terminal Voltage!- 2«fl

^-^ 3-22^ o| ̂ ^f
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Terminal Voltage

(MV)
0.869
0.868
0.867
0.866
0.865
0.864
0.863
0.862
0.861
0.860
0.859
0.858
0.857
0.856

Energy of Proton

(keV)
1766
1764
1762
1760
1758
1756
1754
1752
1750
1748
1746
1744
1742
1740

Count of 9.17 MeV

459
461
492
579
559
574
633
679
737
1019
1266
1243
40
20

3 - b Terminal Voltage7l-

HS., Terminal Voltage 0.859MV<HM c^g-

1.75MeV^Al^ 13C(p, y )14N
14N(y, y )14N «|«>-§-^ ^ > ^ ^ ^ r 5. 5barn [7]
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1400

%

Excitation function of 13C(p,y)14N

1740 1745 1750 1755 1760 1765 1770

Energy of Proton (keV)

ZL^ 3-22. 13C(p, r )HN Excitation Function

. 1 4 N

3± 9.17MeV

MeV

Melamine(C3H6N6) ^ r 1 ^ ^ - ^V-g-^SSl^l-. Melamine

7f 0.772 g/cm3ol $ | £ ^ - *]&•% *Kzfr}#°.x$, *M ^ ^

0.51 g/cm3A5.A-| ^-<^2| -8-A|-*>r.K ^g4:«H ^It t 9.17MeV

*&& 13C(p, r)UN ^ t iJ:-§-^ Lab. Angle 80.7° ±0.7° <$<$

Melamine

Coll imator ^ Shielding ̂ :?M-

4 , Melamine A)S.-i- H^l 3-23:4
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9.17 MeV y -

Melamine

Attenuation^] ^ H ] <y<H\+
A1 ^ # ^^l^> Lab Angle 85° 3.

Attenuation^

5000 A^C^.

Accoiorator

Conlcat tan beam

Caibon-13 target

Proton beam
1.75 MeV

Nitrogenous material

Gamma-ray detectors

3-23. 9.17 MeV y -
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9.17 MeV ^

H UBfvi 37fl<&l £ 4 ^ Peak#^ 9.17 MeV ^u\

4 4 Photo Peak, Single Escape Peak,

Double Escape Peakef *>^F. Background^ ^ ^ ^ il4i4|-*>7]

, Compton Edge

Lab.

O <

Angle 80.7

0.

° ±0.7° ojufl

O
793 ±0.028

80.7

0.

° ±0.7

X

861 ±0.039

Statistics?}

100#/sec

12mA

*]-%•

3MV
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c
3
o
O

Absorbed y-Ray Spectrum

10000 -

1000 -

100 -:

:

10 -.

•

1 -

k

• 1 • 1 • 1 • 1 • 1 • 1

1 • 1 • 1 • 1 • 1 •

AbsorberOn

Absorber Off

•

• l • l • l i i • | •

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

E ( M e V )

n.^ 3-24.
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00

5

T3
CD

3
O

CO

A Absorber Off

a Absorber On

1000 1050 1100 1150 1200

Channel

1250 1300

ZL*H 3-25. 9.17MeV
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[2] "*]£l7l#*!%^.e.JLA-11', *p#nl 51, KAERI/AR-514, 1998.
[3] "6lj<A-zl-7l^.-/)M. rtlJS-^tt HI-AHXI^I 7l-rrlA-4tiL xl>>*«6l 3J-«Wjn.rriaio. o.

5: 4 1789151, 1998.

[4] "Gamma Ray Calculation^)", t>^v^l 41, #^-^15: 9801124638,

1998.

[5] "Specific Element Detection Technique by using

Proton Accelerator", ̂ 3*1 of&x} 7\^7] $3.4k. ^A^-^:, 1999.

[6] *>-ray resonance absorption of 14N nuclei", Ĵ-g-3- 5],

*1, 1999

[7] F. Ajzenberg-Selove, Nuclear Physics A523 (1991) 1.
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-g-
a,

. 4

4.1 4

«=>]•§-

-leak detection

-mixing test

-wear test

-yradiography

-smoking detect
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gas

-60, Cs-137, Am-241^ r ^ # oj-g-), ^ £ ^ ^ (Co-60, Cs-137

ol-§-), radiography (Co-60, Ir-192, Cs-137 $) /-£# o|-g-) -

Cs-137( r )

Am-Z41( r )

Sr-90(j?-)

Kr-85(jS-)

Pm-147(/?-)

30Ci

0.5Ci

0.02Ci

ICi

0. 5Ci

4-100mm(^)

0. l-8mm(^)

100-5,000g/mz

10-l,200g/mz

5-100g/m2

^ ( H g - 2 0 3 , S-35, Ca-45),

thermoelectric

61 uf.

: Gd-153£]

Radi oimmunoassay)

-14, H-3, P-32),

Ife Na-23 ^d Na-24#

, Fe-59M- Fe-55#
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Mffe Tc-99m, In-I l l ,

1-123, I

1-131 ftM 4^)# ^41
^ ^ t ^ ^ U >̂#%^ (SPECT :

Single Photon Emission Computed Tomograph)«fl>H

5L ^ aJ:^-7l t H ^ i C- l l ( i | , ?V, 4}^-), N-13, 0-15(sl

71), F-18(^, <y-WW i4^.fe d o^47f ^ m ^ ^ *

0.51 MeV ^ - ^ l - ^^«H * § ^ ^ ^ 1 1 - ^ J 4 ^ ^ S . %<y (PET :

Positron Emission Tomograph). ^+^-^1 « | ^ o | S 5 . l0-20MeV

MeV

- Teletherapy : ^ ^ S ^ ^ I Co-60 ( r ^ ) # « l ^ 1 cm ^ £ ^ 4 ^ -g-

Y-90, Dy-185-i-c>l 4-g-5]3.( Ho-166, Sm-153, Re-186J£

- Sr-89, Sm-153 ^ / ? - ^ #

^-(Radi oimmunotherapy) : 0-& ufffe 1-131, Y-90,

Re-186, Sm-153, Ho-166^- %^H1 S^)*H f ^ £ *]£.

^ -g-
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a 4.3:4

Co-60

Ir-192

Ho-166

Dy-165

Y-90

Sm-153

Re-186

Sr-89

P-32

Hg-203

S-35

Ca-45

C-14

H-3

Cs-137

Am-241

Sr-90

Kr-85

Pm-147

Gd-153

Tc-99m

C-ll

N-13

0-15

F-18

Na-24

Cr-51

Fe-59

Fe-55

1-131

1-125

1-123

Ga-67

Tl-201

In- I l l
Mo-99

-§-•£•

SlS.:^*|S-(-^^, tele), l l -S^^

S2S2^4^*m

•x-Tj, gas leak

i^, ^ . -4 !^ PET

PET

s j , ^ ^ - , •^•*j:7l PET

i ) , ^J PET

fission Mo

«J^-7l
5.3y

74.4d
27h

2.3h
64h

47h

89h

51d

14.2d
47d

87.2d
165d
5760y
12.3y
30y

458y
28y

10.6
2.6y
236d
6h

20m

10m

2m

112m

15h

27.8d

45d

2.7y

8d

60d

13h

78h

73h

2.8d

67h

4i^5.Y89(n, r )Y90, FP
^f5.Sml52(n, y )Sml53

^fS.Rel85(n, y )Rel86

^}-5532(n.p)P32

FP

FP

FP

Qx\HL, FP

7Hj-7lBll(p,n)Cll
B10(d.n)Cll
7Hr7]C12(d,n)N13
016(p. a )N13
7Hf7lN14(d,n)015
7}^f7lO16(a.pn)F18

•^^l-5.Cr50(n, y )Cr51
^.^SFe58(n, y )Fe59

4i*|-.5.Tel30(n, y ),
Tel31(/S-)I131, FP
^l-5.Xel24(n. y).
Xel25(EC,17h)I125
7H7lTel22(d.n)I123
7Hf7lZn67(p,n)Ga67
Zn64<a,n)Ga67
7K7|Pb203(p.3n)T1201
7Hf7lCdlll(p,n)Inlll
^^SMo98(n, y )Mo99, U(n. f)
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2 ^

S 4.3O?)

(p,n)

MeV ^ ^ ^ ^ f H f l M ^ ^ W

d, He-3

4* $â V. ^ S . ^o] AKg-sjfe ^ ^ ^ MO-99,

, Ga-67, Tl-201, 1-1235] 5

Activity

A0=oNI(l-e~Mi")

N :
I : Beam Intensity

A : ^ &$ Q^$ -f^ >y- .̂ 0.693/T,/2.
t l rr : ^ 2AWLK

1\—
M

Na
 : Avogadro Number

p : density
x : thickness
M : mass number
^ 20 mA = 20 * 10"3 / 1.6 * 10"19 particles/sec

= 1.25 * 1017 particles/sec
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1. Mo-99(Tc-99m)

(n, y ) , (n,f) ^ g o } & ^ - | j fi 4.

3 : ^ Mo-92 (14.8%), Mo-94 (9.3%), Mo-95

(15.9%), Mo-96 (16.7%), Mo-97 (9.6%), Mo-98 (24.1%), Mo-100(9.6%H^.

Mo *}<& lg

: flux x cross-sect ion x atom number per gram Mo x Mo-98%

= (1014 n/cm2.s) x (0.13 x 10~24 cm2) x (1/(95.9x1.66xlO~24)) x 0.24

= 2 x 1010 Mo-99/s

U-235 1 g

: (1014 n/cm2.s) x (35 x 10"24 cm2) x (1/(235x1.66x10"24)) Mo-99/s

(1014 n/cmz.s) x (140 x 10'24 cm2) x (1/(235x1.66x10"24))

- B S N( t )=(S /A)x( l -e ' A t ) o| (S:

T1/2, 2Ti/2)

3Tm, 4Ti/2 <M nfl ^ c f l ^ ^ ^ ^ ^ 5 ] 50, 75, 87,

^ ^ ^ 1 ^ W 7 ^ i-f- ##7l$J 2-

7} 66Al^>o)s^ ^ W ^ l - 100 Al^>o.
jL2f, burn-up &3\, indirect

production ^ # 3.3*1K $[3. SE^Y &*}*]&$ rrf^

K (n,f) ^ ^ ^ r (n,

Mo

- 66 -



4.4 Mo-99 (n, 7), ( n , f )

1014 n/cnf.s <g-g^*}
2 A W MO-99 - ^ ^

10" n/cm*. s <g-§^*l-
lOOAl̂ V ^ H ^

Mo-99 ^ ^

(n, r)

Mo-98

(^f^Moofl 24% $ 4 ,
^ ^ ^ ^ 4-g- 7Br)

W W 0.13 b

*}<& Mo lg

: 2xlO10 Mo-99/s

0.35 Ci/g Mo

(n,f)

U-235(xf̂ U<>il 0.7% ^ f l . -^-^-S^A}

-§-7f^. **:JM| tlfe ^ ^ 93% 7 M

"i^-^^l- fission 582 b,
Mo-99 *)£:<g ^ ^ - i - 6%,
* 1 ^ Mo * ! } ^ : ^ ^ ^ # 24%,
(Mo-99 ^ # « £ ^ 35 b
<&% Mo ^ i c M S a ) 140 b)

U-235 1 g : 9xlOlz Mo-99/s
3.6xlO13 tb^Mo/s

158 Ci/g U-235
U-235 476 g ofl Mo 1 g ^ ^
-> 75200 Ci/g Mo

-fission «i ttfl^oi] « | 4 5]JSL

- ^ V 4 u «y^^- ̂ 4 -frel.

- ^ £ | = ̂ V-g-sl^l 6 a ^ u sq^.

Mo ^ - i - . Mo Sl^hi- 70%.

Mo-99 Tc-99m

o|

Tc-99m#

Tc-99m

Tc-99m feti] 3LS.n|-S^o} compact*]: portable

3.7] 7}
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uf. tcfeH ( n . / W SJ*J * o ^ ^ R r ( n . f H £]*H ^ Q fission Mo7f

: compact*]; ^-gnj-S.^ Tc-99m

Tc-99m ^ « i # # # # ^ Slitfe # 3 5 1 SĤ K * i4 ^ - a ^ ^ l Tc-99m r̂ (n,

r )5f ^-nf l^#^ tio^-^5. ^ t M . 98% Mo-98

14 (n,f)Mo-995] 7f^ol(uS$l67/Ci) (n, / )Mo-99

Fission Mo^ 3 * W 1 7f^ s . ^ . ^ ^ ^ ^ ^ u f ^ ^ Mo-99

(n,f)Mo-99 ^-t> 7j)>tV o%£-M 19.75 w/o LEL U02

40 cm) 77111- *fufS OR 5Aff(3.36xlO14 n/cm2.s) I7flofl #

S 47)f^ OR -̂oll S.^- 277H 1̂ S^-g- ^^iM#ttll S^>g- 17^ 17.1

U-235 ^ J f * f H S MCNP[l]£f 0RIGEN[2]AS 7<y ^ 4 , 1 ^ U I 4 , 1 ^

6<^ ^ 2 f # 7}%SL& 7«>L># ^ * | * i ^ o | 5llt:>[3]. ^ 2 f ^ Uo] S - ^ 2455 g

o]3. 8283 Ci5] Mo-997}- ^ ^ 5 | ^ J * ^ « l ^ V ^ o | 9718 Ci Mo-99/g

1.17 g ^ Mo7l-

GeV # ^ ^ ^ > # Pb, W, U

1 n^
^ ^r MeV

fe ^ ^ ^ Mo-991- *$*tfi 41 aî K a ^ 4.l^r ^1# 10 cm, i

GeV, 20 mA <$$*} ^ ^ ^^-«H] \ $ ^ S ^ ^ A ^ ̂ ^ ^ ^ . ^ LAHET[4]5.

\ ^ j ^ ^ 0.5 cm IVqiLS. # e l ^ ^ . ^ i^-g- 171^ xl^-ol 1.5

cm o]HS. cH€f £ ^
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MeV

Mo-99

moderator

U fission

£-<g$} Mo-99

LAHET, MCNP, 0RIGEN

Beam

Section

Section

Section

Section

1

2

3

4

Section 5

30 cm

T
50 cm

section 1
2
3
4
5

6.2 x 10" ivW.sec
8.0 x 10"
6.2 x 1014

3.8 x 10M

1.8 x 10"

H ^ 4.1 1 GeV, 20 mA

T .^# Mo

7}^o] oiuf.
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High Energy proton^] ^« j : spallation

react ion^ ^ 4 * B # ^r Sdfe^ spal la t ion# o)-g-*>

(1) 30 MeV 6
O ^ 4 # Mo-100^1

100Mo(p,d)99Mo^ cross-section^ 18.3-29.5MeV ^^^1-H 110-182 mbc>l

nh Mo-I00# S ^ J ^ . 5 . oj-g-t l t :^, 100% ^ - S ^ , <g^*\ ^ 20

-f Mo^ Atom Density7\ 6.407X1022 #/cm3o|HS. 30MeV ^^\7\

18MeVS. <Hm^l# Q3L ^ 1 ^ 7 f e Jf-zfl 0.1cm S^j^l >g-f, 150*10"27cm2 X

0.02/(1.6X10"19) sec^X 6.407X1021 #/cm2 = 1.2 X 1014 # /sec^ Mo-997|-

(2) 100 MeV doM^F# Th-232<HI

^ h l p , f)99Mo^ «!-§-# dl-g-*fec|I Th-232 (natural 100*)5] charged

particle fission cross-section^ d
o ^ ^ f ^IM^] 17.0-21.9 MeV

29.8-38.5 mboju}. Th metal-§- S ^ A ^ 4 - § - ^ } 3 . 7|-^*f^, 20

-f Th^ Atomic Density7} 3.06X1022 #/cm3o]B.S. 100 MeV

o] 100 MeV <HM*1# Q3- ^ l U 7 f e ^^11 1.5cm SL^B] ^-f, 35*10"27cm2 X

0.02/(1.6X1O~19) sec"!X 4. 59X1022 #/cm2 = 2 X 1014 #/sec $] Mo-997f ^
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(3) 1 GeV <tf^*l-1l Mo- 1 0 ( H
LAHET# oj-g-sfl ^A>o| 7}-^(20 MeV

w ) W l 1 GeV, 20 mA, *1# 10 cm ^ ^ # * ) # 10 cm, - ^ 1 1 cm

c| Mo-100 S^<H1 S^l-fJ-i- 4 (p,pn)oluf (n,2n)ofl £|Sfl 0.0051

Mo-99/protonoj ^ ^ ^ c f . nfefAj 6.4xlO14 Mo-99/s O|^L S ^ O ] 835 g° | .°

S. 7.6x10" Mo-99/s per g Mool̂ L 100 Aj^; SLA}^ 13.3 Ci/g Mo7|-

uf. S ^ ^-^l7f 0.1 cm<̂  ncfl 0.0003 Mo-99/protono]

(4) 1 GeV ig-§- Tc-99«H]

1 GeV, 20 mA, ^ ] # 10 cm 34*g ^ # ^1# 10 cm, ^Tfl 1 cm

Tc-99 S ^ j ( ^ f 5 . 17]<H]^ <?1^ 25 kg yH#, ^ - ^ ^ 7 ) ^ ^ ^ ^ e ]

# , 4 ^ 1 ^ S , ^ ^ ^ t i i f e Mo-1002} ^ ^ ^ 4-§-)«^] ^ 4 ^ # 4 (n,p)

off 5|«H 0.0003 Mo-99/protono] ^ ^ ^ # LAHET# Af>g-«Jf 4 ^ ^ ; ^ $a^.

°1 ^ - T - ^ ̂ ^ MoJ£ ^^Slfet^l 0.0145 ^l^Mo/protono) ^ ^ ^ u f . rcfef

M 3.8xlO13 Mo-99/s, 1.8xlO15 <*H!Mo/sol̂ L &^O) 835 gojHS. 4.5xlO10

Mo-99/s, 2.2xlO12 <^^Mo/s per g Tc OIJL 100 ^ 1 ^ ̂ X\^- 0.79 Ci/g Tc7j-

^ ^ ^ i ^ K Tc 835 gofi Mo 0.11 g©l >^(6153 Ci/g Mo)

0.1 cm S ^ M U ^oflM^ll- 100 MeVS ^ ^ Mo-99^

10 cm 5 . *}** 0.0029 Mo-99/proton, 0.2021

^ io all &7\is\Vt H I ^ V ^ S :

. U(n,f)

-*!: Mo-99
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I

CO

4.6 Mo7} Mo-99

S 3 }

Mo-99 ^ t > - § -

Mo-99^^/sec

100 A]# ^ . A ^

(Ci/ g Mo)
100 A]̂ > ̂ A > ^

Mo-99 a o v 4 ^

(Ci)

Tc-99
1 GeV

1.0 cm(835 g)

2*}^g^ofl 5]1> (n,p)

3.8x10"

*>^§Mo/Mo-99=48

6153 Ci/ g Mo

660 Ci (Mo 0. l l g * 3 ^ )

Mo 0.11 g -"g-^-i- ̂ «H
835 g5j Tc ^ e l . ^ 4

Th-232
100 MeV

1.5 cm(1378 g)
(P,f)

2.0x10"

3,554

U-235
1 GeV

6<M$*HI Pb^l 3:4*H ^ A ^ >
^>#JL a -f^g^lS. U-235
S * H (n,f) «>-§- «l-§-*1|
Mo-99 <$#.
10" n/cmz. s ^ <a-f^^Vi-

9xlO12 Mo-99/s per g U-235
75200 Ci/g Mo

158 Ci/g U-235
(U-235 476g<Hl Mo l g ^ )

-3L*\ ^ ^ UJ4 1-2^^

^ • 3 | . ^ * H l-2<y &JS.

-Tcofl Hl*l| £2 l .3*H? ^^~

U-235

^ 4 ^ ^ ^ 4 1 - <>l-§-«ll
U-235 &^o]} ( n , f ) «>-§-

°1-S-*H Mo-99 ̂ ^ > .

20 mA, ^]-g- 10 cm 10 cm



2. In-111 [5,6,7]

u3In-4.28%, u5In-95.72%

2.83d

- Main / - r a y energy : 171.29 keV (90&)

245.35 keV (94%)

- Electron capture decay (100%)# 7 ^ Cd-111^.

1 -g-o|

S O In-111

l lzCd(p,2n)

11JCd(p,3n)

l uCd(p,n)

1U3Ag(a,2n)

lusAg{dHe,n)

""Cd

99%llzCd

97%UJCd

"'Cd

""Ag

ratAg

(MeV)

22

28-18

38-28

12

24

32

(up)

0.5

0.95

1.26

0.25

0.064

0.25

(mCi/^A*h)

1.0

4.0

8.9

0.12

0.06

0.02

- 17} K7\

diisopropyl ether-HBr
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3. Ga-67 [5,6,7]

EC decay!-

3.261d.

Zn-67°]

93.3keV (38%)

184.6keV (23%)

300.2keV (19%)

393.6keV (5%)

1 4 . 8 Ga-67 «Kg-

°°Cu( a , 2n)

MZn(c,nrGe

^ZnC^xn)

natZn{d,xn)

MZn(p,2n)

wZn(p,n)

""ZnCd.n)

""Cu

""Zh

""Zh

"*Zn

"Zn

B/Zn

"Zn

(MeV)

30-15

25-19

21-30

0-50

22-28

18-0

16-0

Impurity

°°Ga

wGa

""Ga

6aBZn, ""Zn

MGa

^Ga

"Ga

(mCi//KA*h)

0.001-0.16

0.08-0.17

0.4-1.5

0.03-0.35

5.7

4.1

0.95

9.7hr)#

Zn
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alumina column^ -

cf. ) ^Ge-^Ga

^Ge-^Ga

: PET-g- positron emitter

4. Tl-201 [5,6,7]

- EC decay ^ H Hg-2015.

- Potassium

: 69-83keV Hg K X-ray 98%

135keV r - ray 2%

!67keV r

- Natural Hg#

201
Hg X*j^r

S. 4.9 Tl-201

natHg(p, xn)*"1

""TKp.xn)*"1

^ K p ^ n ) ^ 1

H*ri(p.5nr

- P b ( p , x n ) -

i

Pb-V^Tl

Pb->»"Ti

Pb-"Tl

Bi-"4Pb--"Tl

Hg,

1

Tl

Pb

HgO,

M

I

metal

'1

metal

HgCl

, TI2SO4

(MeV)

20-0

28-20

30-20

46-38

55-47

Impurity

136,133, O*l, OS£r~ 1

ZUU.ZUl^, ,

^ T l

""Tl

(mCi//KA*h)

0.3

0.7

2.2

1.9

0.61
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tPb(p,xn)201Bi->201Pb-^201Tl#

, 60MeV o |^5 l ^ A ^ f 7 l

fe Thallium metal

5. 1-123 [5 ,6 ,7]

13.2hr

- EC decay

1 159keV(85%)
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4.10 1-123 ̂ ^ «K§-(direct method)

11SiSb(a,2n)1!UI

""SbCHe.n)1"!

lsa^Sb(8Hef3n)iaBI

1JB*re(p,n)iS!!lI

i a Te(d,n) l s a I

1Z4Te(p,2n)^I

l s*Te(p f3n)1"l

Nat. Sb, 98%lzlSb

98%mSb

Nat. Sb

77-91. Ss^Te

95-96%iri!Te02

91-99.8%1Z4TeO2

95. 5%IZ0Te

(MeV)

25.1-35.6

4.5-14.0

23-40

15-19.5

7-12.7

22-30

36

Impurity

""I

1 Z 4 , 1 3 U T

' " I

(mCi/^A*h)

0.15-0.93

Extremely Low

0.024-0.17

0.44-4

0.1-1

4.2-45

0.85

4.11 1-123 -*§^ «>«§-(indirect method)

''"lei a ,3n)l'"Xe -> x"l

^e(Jtie,2n)^e - ' " I

^ e ( a H e , 3 n ) ^ e ^ ^ I

lifl*re(a,n)i!aXe->l!MI

lz/I(Pf5n)1MXe-* Uil

"yI(d,6n)1MXe -> IZJI

T(p,spallation)1 ! aXe ->• ivaj

95-

91%

76.

45%

It.

Nal

La,

5%rzATe

CH2I2, Nal, KI,

Cs, Ba

Lil

(MeV)

42-46

25

30

23

52-70

70-80

450-660

Impuri ty

low

low

- T e , - I

0.3-0.45

0.3

0.8

0.002

3.0-18

5.7-8

£10

- Precursor 123Xeo]

Xe

On-line Xe
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Ra ^ ^ ^ 4 . ^*1 Ra-b

^ S I J L 1903\d

A12|-

Al+a—P+n,

i930\dtH

Cockcroft-Walton^ *

^ ^ 1939^

Otto Hahnol f i s s ion^ ^ ^ M ^ K 1942\1 Fermiofl

1946\1 ° J ^ - ^ ^ ^ ^ ^^oH ol^f l c-14

. 1950

f, l l > ^ £ * J * ! t ^ L ^ ^ ^ I960

257U 7l^*«>H ^ ^ ^ c > . 196O «̂H

1958\1 ORNL«H1 £\&$) 4TT"S fission product

fission product^ - ^ ^ ^ ^ S . ^ o|^-o| ^-^Sf3El5ftcf. fission
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: ANSTO *V%\ x}$\<*}<& ARI l̂̂ H HIFAR# ol-g-sfl fission-Mo

Tc-99m 7)^

: 1-131, Tc-99m

O - 6 0 ^ ] ^ ] A ] ^ 80%^^. NRU4l̂ l-S.oJI-H fission-Mo

^ 80% ^^V. - § ^ ] 3 ! ^ § ^ ^-g- #*}3L 2

7] 2 i i <4^

: BR-2 *\}*\ Tc-99m

: SAFAR-1<H1>H Tc-99m

JAERI ^ - ^ . t ^6 | ^ ] f Nihon Medi-Physics

fission-Mo ^<y*fl Tc-99m ^

50%

1995\1 7 l ^ ^ S . RI 4 3 M 3 M 1 0 ^ # o } 3 . <5|^ fission Mo 4?HA1^OI 5

fission Mo : 0 . 5 ^ # , Tc *&*$7\ : 1^1-, Tc o|-g- 3 ^ ^ : 3 . 5 ^

Ci/yro|c]. (^1414*^ : 2,000Ci/yr). 2004 Vi

2.

J TR1GA-MARK#

^ Q m MC-50 f l #

(50MeV H+, 25MeV D, 66MeV He3, 50 MeV He4)# o]-g-«H 80\!tfl -^^Kf-Bl A]
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PET-§-

MC-30 *

4.12

* } ^

71 E>

7Hr7|

*?#
1-125

Tc-99m

Co-60

Ir-192

1-131

Mo-99

Cs-137

C-14

Ga-67

Tl-201

1-123

0.8(18)

0.1(2)

2.5(55)

0.06(1)

0.4(8)

0.6(12)

0.08(2)

(2)

4.6

62(36)

18(10)

8(5)

6(3)

1(1)

16(9)

3(2)

0.3(0)

2(1)

0.08(0)

(33)

173

62(35)

18.8(11)

8(5)

6.1(3)

3.5(2)

0.06(0)

16(9)

3(2)

0.7(0)

2.6(1)

0.16(0)

(32)

177.6

)fe *
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S4.13.

o j - g - ^

^^?-

4.6(100)

0.01

4.6

89(51)

78(45)

6(4)

173

93.6(53)

78(44)

6(3)

177.6
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GeV, 20 mA

4.14

Mo-99
(Tc-99m)

1-123

Tl-201

Ga-67

H-3

a J # 7 ]

66.7hrs

13.3hrs

74hrs

77.9hrs

12.26yrs

(Ci)

2,842

2.7

49.5

9.3

18,381

2,773

38

618

78

473

-g-51

3S-8-
M

(4

M

A

Bz

B2

Bz

Bi

A.

B.

Supply

Bl :

B2 : Cyclotron

B a c k u p
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2. (1995) l

S4.15

Mo-99

(Tc-99m)

1-125

1-131

S-35

P-32

C-14

Ir-192

Co-60

Kr-85

Cs-137

Pm-147

Am-241

H-3

Tl-201

Ga-67

(Ci)

2,464

1.3

55.8

1.7

1.9

17.6

57,590

209,000

37

0.9

49

2

18,381

28.7

3.4

(1000U$)

2,725

53, 338 Z)

164

219

263

378

897

342

11

43

70

67

592

515

42

KOMAC ^1^4

44

U

U

rt

n

^ % ^ .

(4-8^*1^5.

tt

rt

H

KOMAC

KOMAC

KOMAC

o
o
o

$<$

o

o
o
o
o
o
o

o

o

o
o
o

^^

*}#«,
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2)

3.

4.16

A] * |

6o^^7Hr7l

(KOMAC)

(Cyclotron)

4-g-^^^s

•7- ^

<&^-g. Backup

7)E^^7f^#^

PET-g-

Mo-99, S-35, P-32, C-14, Ir-192

1-125, 1-131, Co-60( 2] £--§-), Ho-166

Sm-153, Y-90, Ni-63

Mo-99, Ho-166

H-3, Ga-67, 1-123, Tl-201

Fe-52, Co-57, Co-58, Rb-81(K-81m)

I n - I l l , Tm-149, PET-g- ^ ^ •§•

C-ll , N-13, 0-15, F-18, Mg-28,

Ge68(Ga68), Sr-83, Sr-82(Rb-82),

As-74

Ga-67, 1-123, Tl-201, In-111

co-60 (^<a-§-)

Cm-244, Am-241, Pm-147. Cs-137,

Sr-90, Sr-89, Kr-85

4. *<M^7Hr7](KOMAC)

7\. 20MeV proton

•100Mo(p)pn)99Mo# o|-§-«l Mo-99(Tc-99m)

•Ga-67, Tl-201, Co-57, 1-123

• C - l l , N-13, 0-15, As-74
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lOOMeV proton

•Tl-201, 1

, f)99Mo<Hl S]*V Mo-99(Tc-99m)

(P, n) «K§-SJ

260MeV proton

• U-238 ^

. lGeV proton

5.

^ l } ffc ^ 1 ^ ^ Mo-99

Backup

-g- ^A7f # # * ^ Sll^ 1-123, Tl-201
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MeV

MeV

c45Sc45(p,n)Tii45 5.1<H1 4

(p,n) «>

Li7(p,n)Be7, H3(p,n)He3J

threshould energy^}

5 . 1 ^ MeV «}-§-

Target

Li-7

H-3

Sc-45

Reaction

Lir(p,n)BeT

H^p.njHe3

Sc4i>(p,n)Ti4!5

Threshold

Energy

(MeV)

1.88

1.02

2.91

Neutron Production at 0°

(proton=3MeV)

f lux(n/cm'i. sec/mA)

(lm from target)

-10'

-10'

-10'

Energy Range

(keV)*

-30 1300

-60 2000

-10 50

Threshould ene rgy^ H3

Li7, H3

MeV

Li7o)

4 aJ:-§-<Hl

Sc

-^ .^ . Li7, Sc45

4S

keV

Ife Li7, H3
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1. Li7(p,n)Be7

Li7(p,n)Be7 «V-g-o]

-$*}*& <W*)7f 2.37 MeV

1st excited state<HH

threshold * ] ^ 1.88 $

Be7*] ground s ta ted

monoenergetic

I j 5.5 MeV ^5.7l-*l-b 90%

ground stated A) ^^Slfeifl 3.^ 5.1<Hl o| ̂  *]: ^

^ forward ^ y ^ ^ S .

2.3 MeV ̂ - peakl-

forward

^ | forward

1̂ 1 5.1 4 forward ̂ ^ A
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2.1 2.2
proton »n«rgy(M»V)

5.2 Li7(P)n)Be7

2.1 2.2 2.3

proton •fwrgy(M«V)

i U 5.3 «oM$*WM*l<>fl n^s.

backing #JL

^ Ji-f-

background

} 3.x] ^ evaporationA]?!

- 91 -



W, Al, Ag^S} backing*!]

Li

2. H3(p,n)He3

^ 5.1<HH # ^ S i b 3 * } ^ H3(p,n)He3

* f e Li S ^ j #

peak^ 2 MeV ̂ £<>1] £!#-§• <y- ̂  ^cf. H3(p,n)He3 «}-§-£] threshold

^lfe 1.02 MeVo)JL 6
o ^^ f off^^J^f 8.35 MeV

monoenergetic ^ ^ ^ > # ^^*>t:f. ^ £ l f e -f^

4 forward *̂o>dfl>H 107 - 108 n/sr.

H3# S ^ ^ S ol-g->«.l<KIfe- gas ^Bfl^. AJ-g-^TlM- titanium

Li S^j^l ^4-^f H*\ * i^£7l - # ^ r backing #^<Hl evaporation

fe 2 7\*\ «o^o] e-icf. Evaporation

°

outgasing£]x]

7>S. 3.^*Ho> ^ AHMcK ^ ^ r § ^ ° l titanium^ -̂?-«Hl ^ m - & i ^ 250

C ^JEolc]-. Gas ^BH5. 4 - § - ^ 4 ^ 1 ^ beam window^- beam stopo] ^Jl«>

beam stop # ^ 5 . ^ backing^! 4-§-^lfe M:^^) °l-§-^ ^r ^X^l gas

¥-&°l beam window *Jrfl .̂-f- « ] ^ ^ 7 f ^ ^

Mo, Ni, W, Havar (alloy of Co, Fe, Cr, Ni)

beam window^ beam lossl- ) V J

B.S. beam window# ^ 4 4

^ beam window!- *HI<H A|-O14O]^1
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3. Sc45(p,n)Ti45 oj-g-

Threshould energy^ 2.91 MeV °)3. °] ^)\J{^\C]]A]

5 . 6 - 5 2

3 MeV«H|

. 2.95

ground stated 4 1

S 5 . 2 GeV

.̂̂ )#€ ̂^^-^

BNCT

radiography

1018 n/s

pulse ig- 10^ n/s

101& n/cmz. s

10* n/cm*. s

10° n/cmz.s

thermal °]*f

^ ^ J MeV » 1 ^

10 - 20 MeV

epithermal

thermal

thermal

^ MeV O]B}

CW

pulse

pulse

CW

CW

CW

CW

CW

Capture Therapy),

CW

fe pulse beam#

MeV
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BNCT(Boron

Neutron Capture Therapy)

. MeV

ZLtHM- MeV

5. MeV

5.3 MeV

Applications

BNCT

(Boron Neutron Capture Therapy)

d l ^ #^4 eflnUnê i

°1*^ #^4 uo^m^^4

Neutron

flux

(n/cm . sec)

>10y

>10b

«

Energy

epi thermal

thermal

*

Mode

CW

CW

CW

background
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1. BNCT(Boron Neutron Capture Therapy)

B

10

10 10B10(n, «)Lii 7

fe He4if Li 7 ^ 0 ) ^ 7 ] e j ^ 9 pm, 6 //m

2.3 MeV

fe B
10

glioblastoma multiforme(GM)

<£# H,000

Awtxgeciiretr

Z L ^ 5 . 4 10B1 0(n, a )Lii 7

B10
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BGRR

(Brookheaven Graphite Research Reactor)^- BMRR (Brookheaven Graphite

Research Reactor)# Af-g-*> iH7H-fe ^ ^ H <$*):

^ 7fi

rfl

BMRR̂ f

254,000 barn O | L | 5 | ^ Gd157 ^ # <>)-§-*]; ^ ^ ^ ^ ^ 7 f S | 3 . $ H BNCT7f

^ ^ - MeV -3- ^

S. °]^o\x]3. al^f[5]. ^-Ml^^fe 1996\1̂ -B1 BNCT

BNCT 1 ^ ^|S.Al «!£_*]: ^>g^f M ^ 1012 n/cm2

t]] °]^ 109 ]

BNCT -g-S.5. ^ A ^ 4 4 ^ 109 n/cm2. sec

- 10 eV

- 96 -



2.

sis. sat

O|

106 n/cm2.sec

fe compact*} 7 ^ 7 | # o|-g-*f[

Digital Image Plate!- 7H1|J-*fc2. Sâ K <>1

n/
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image ^ ^ -S.^# -fH^lfl 41 Stl̂ K Digital Image plate ^

real-time image processing system-̂ - -M~§-̂ i" °fl 10 frames/sec o|^j-

(Micro-channel plate# <*]~§-̂  fffl 100 frames/sec 77\*\ 7}^)$] image#

computer^!

Argonne

National Lab. ©M <^^\7}4f7]^ <>]-%•*} o]%q eflu|_£:ie}-3i)<l| 7fl^ A]

£7f ^l$dt:|-. <ĝ <>fl*1-fe Rolls-Royce and Associates^!- Oxford

Instruments^ ^-^-^.-^S. * o ^ ^ H ^ 7 l # oj-g-^ O)^A] A ) ^ ^ ^ - 7^^!

^BBolcf[6]. a*> o | ^* | AJ^^SJ 7 l ^ # ^SfA|^ 41 Sa^ Digital

Image Plate l̂>b^«Hl tfl«l o 4 ^ £ ^^-51 Fuji^H]^ <?lJiL7F

^ ^ r ASTM (American Standard Test Measurement)

-Si(category) I ~ V ^

- 1995\1 8-9^ : 20MM HEIT-SD, KM246

- 1996\d

- 1997\d 12^-1998\1 2-^: Jet Engine ^«l«.ej)o|s. (Turbine blade)

50 MeV 4°1#^-S§^- Be

- 98 -



3.

background

61 <

MeV

^ 3

(1)

(2)

Til

3)
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HI 1̂*11 10.8

Cf-252
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D-T § #

^ 1 U Cf-252

MeV ̂ ^ f # l8 f l f ^ H ^

^ safe fi^Al^^ofl cfl«H ^ ^ c f . 4 4 ^ oj-8-^-oH
$iSLE.3. 3

fe
3

7f^-7l ^ ^ - ^ BNCT«>i|

3 7\*\ ^1-g-^-o^ <g^A^).q. ^ ^ ^ A ^ ^ S . o j ^ j . j a s L i

^.S.fe 2-3 MeV, 10 mA $

3 MeV, 20 mA

AI2O3, Li2C03

H20, D2O, BeO, Al/AlFs/LiF ^ ^ - JLBJ^;

^ ^ w 37i# ^^^ - ^ safe ^ i ^
backing^! Li ^ * l - f fe ^ ^ 7 1 - Sifecfl 60 kW

MCNP Code
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Proton Beam
(3 MeV, 20 mA)

A few
tens cm

Neutron

ZL^ 5.5
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[l]S.Cierjacks, "Neutron Sources for Basic Physics and

Applications", Pergamon Press, 1983

[2] R. J. Kudchadker et al., "An Accelerator Based Epithermal

Neutron Source for BNCT", 6th ICONE, 1998
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Neutron Irradiation Facility for BNCT", Nuclear Technology,
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[6] A Venture to Commercialise Neutron Radiography, Oxford
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[8] H. S. Uhm, "Shallow-Water Mine Detection", Naval Surface

Warfare Center, 1992

- 103 -



7\.

j , o]

[1,2]
6.1^ [3,4] ,

. ojofl u)«{{ o]

, EMI ^ R F ^

[5] . ojofl rcfef

Package-g-

105 - 10ui2/n ojSlfe

7}

- 104 -



(50keV),

Nor.)),

mrad(rms,

6.1 Profile

. • • • ' • ' " • V f J F '••'•• •'••••'

'•'! '••' • ' • • ' & / & • ' • " ' • • " ' ' ' M i ' - ' ' ' : • • ; " ' - i :

'• • •• ' - • : . • . . . M / ^ y : ' ' ' " : : : ' ' ' '

an/r
; ^ . ; V f - . . v ; - ' p . , •jtBv.\'.'^.'--::\' '•:.... ' ; - - : ; § i t f . . . ' • '•'•; . ...

• • ; -
; 1

- ; : ; . • H £ / • • • ' i'-'"~- •

. . ; . - ^ C . . . • • : f $ » '-:-•: ; - ; ' > • ' , . ' i ; \ ^ ; " ' . : i ' • ••• ' . . '

':'k^f•••'••• ^ ^ N ? f e ^ V : ; i W f e S ; ' .;• • •>
+ i ! ^ » . : . . . . . - • • • / , : . . " v . " . . • •

• ' ' / . • ' • ' • ; " - ' • • ' ^ : ••

—•— M6 Arc(80)

- • - M 6 Arc(70)

M6 ArcOO)

—«— M6Arc(100)
—«—M6 Aicd 10)

—•—M5Arc=70
—I—M5Arc=80

M5 Aic=S0

•'• M4Arc = 100

6.0 8.0

la

H.^ 6.2 o],
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}. IC Tray ^ S ^ - ^ ( MPPO)

PPOJit:]. 7j-g-o| -g-o), Af-g-^£(-40'C ~ 130°C)7}

-g-nflofl ^ A ] , ^ 7 l ^ 4 H § , 24^-1^ 0.07%

NORYL ^

PPE(XYRON)^

: MPPO(Modified-Polyphenylene Oxide)

<\ : 50keV

: 40 //A/cm2

: 5.0 X 1015 ~ 1017 ions/cm2

Tray 4 ^
MPPO(Modified-Polyphenylene oxide)^ ^JE.-£# % H U ] ^ ̂ S.^11 Tray

4 ^°A io5 - ioui2/n & oM^l io6 - io9

Packing*H ^r#^ 4 ^47f 513. Sdfe
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H ^ 6.3 Trayo}]

[l] L. Calcagno, G. Compagnini and G. Foti, Nucl. Instr. & Meth.

B65(1992)413.

[2] L. Calcagno, Nucl. Instr. & Meth. B105(1995)63.

[3] E. H. Lee, Y. Lee, W. C. Oliver and L. K. Mansur, J. Mater.

Res.,8(1993)377

[4] J. Davenas, X. L. Xu, G. Boiteux and D. Sage, Nucl. Instr. &

Meth., B74(1993)326.

[5] L. B. Bridwell and Y. Q. Wang, SPIE, 1519(1991)878
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7l#, JL^sf 71^ , ^ . ^ S . 7 l# , ^-^^r 7)^ , Computer Control

S -fel UeHl #*l*l-7l] ^ tH-§-eo^ ^ } ^ - ^ 0 o ^ ^ 7}̂ -7l(K0MAC: KOrea

Multipurpose Accelerator Complex)^

ProjectojuK KOMAĈ

GeV, 20 mA (20 MW)̂ J J L ^ £ ^ ^ ^ 4

3 . ^ fe U-238^- *lfiof| ^ ^ a l f e Th-232

7^717}

o] q - t f l ^ fS^ - 7i|̂ !elS{luK JE^>, 7f^-7l7f %^S1 ^cH]£ 1 GeV ^ a

Safe

- ^ S . Beam

*l7\] 91
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eighting Factor)!- ^ ^ ^ 2 f &*M KOMAC o|-g-

3. $X^ KOMAC^

KOMAC
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KOMAC

(Vision)l- KOMAC

Proton Beam Complex

KOMAC

Proton 8eam Plant

1GeV. 0.01-0.02A

Proton Beam |- '
I

Nuclear Science

• Reaction (Rl)

• Cross section

• Cancer Therapy

Neutron Beam

Production

Muon Beam

Production

• Nuclear Transmutation

• Femlo Structure & Dynamical-Probes

• Radio Isotope (Rl) Production

• Subcrilical Reactor Developement

Nuclear Fusion -Research

• Plastics

"-Proteins

• Polymers

• Fibers

• Liquid Crystals

• Ceramics

• Hard Magnets

• Superconductors

I l i I 7.1 KOMACofi Flux) * -g-

°\ (High flux) ^°]2-£- a

Meson
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(Nuclear Science & Techno logy) off M

-g-tl

-Msl Bragg peak fe •
(fragmentation).
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• ol

Total of GraodUaified
Everything Theory Etedroweak unification Forecs separate Matter dominaiioa

!lO-"s 10-4 10-Ms lO-^s )0-»s l O p iO-% Is 10% ly l t f ' y IO»y 10'y I0«y 10"y Time

I'MWC

Big Bang

OTC KfflC

Energy(withnomass)

1013GeV 10"OeV
i

IO»K

Nuclear
binding
energy

10<GeV - l l e V lGeV
, , , . I , . , i

1010K

Atomic
binding
energy

*H

E=mc2

Present End of the sun

Solar
system
forms

Particle
(with mass)

IkeV i leV 10-eV

Form of the
Universe

Energy

I
Planck
Length

,10-1'

L-Exii•Exist
LHC

S S C ,

Nucieosvntbesis

"-KOMAC
Molecular Biology
(Life science:
Genetic science,
Brain science)

tO4

K, :Sizc of the present universe

Big crunch

Theoretical Physics Experimental Physics

Leading Edge in Science at Present Day

O.& 7.3
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Missile Killer

Comet Orbit
Sky Lab.

Solar Cell
Proton Accelerator
with CW 100MW

Melt Down

Proton Beam
with Light
Velocity

Atmosphere

Remote Control

Earth Continent

O.^ 7.4 Missile

1 . 7 MW

2.

BC

UAVS (Alchemy) r\. ntfx} o)
• °!

oj-g-
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<*r (flux) o] 10E6 cmVsec o|-gr].oi

Am/Be $] sandwich Panel source^.-?-^ < g ^ ̂

10E14

^. Cf-252 14 ^

1998* <¥« 1030-5fl14B . W ̂  fl #r fflr

iiiiiiiiiii

4] 7.1 (1998\1 14U

- 114 -



°1
LAMPF 4J

LANL

Los Alamos National Lab. (LANL)

Rutherford Appleton Lab. S] ISIS ojoj,

Accelerator Production of Tritium (APT)#

1-1.7 GeV

Brookhaven

7.1

Plasma Facing Material^

. o]6\]

1H!

ZL^ 7.5

EFFLUENT VENT^

VWTARGET SERVICE CELL

GLOVE BOX AREA P I E H 0 T C E L L S

|ST ASSEMBLY

ACCESS CELL

INTERNATIONAL FUSION MATERIALS IRRADIATION FACIUTY
PROPOSED ELEVATION VIEW

LITHIUM CELL
ACCESS HATCH

LITHIUM
PROCESS CELL-

H^l 7.5 International Fusion Materials Irradiation Facility
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Femtometer (Fm)

3
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^•^1 7.6 )

H^J 7.7

H« 7.8 ),
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Calculations indicate that the neutron has a positive core and a
negative outer region (black line). The different contributions of the
valence quarks (red) and sea quarks (blue) are shown. From A Z Gorksi
et al. 1994 PhyS. Lett. B278 24 Physics World February 1996

HU 7.6
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NEUTRON, ELECTRON, AND X-RAY PENETRATION DEPTHS

&.

+

* #

•

B

i

* '« •

. * * * Ca

• Neutrons \
it-

m

•

XRavS

# • * ' • • ' "

Electnans. •<

1 1

Fe
•

CO
.

•• ,

«

• •• —

1

V
* • *•

, |

* #

*«:

c

Sn

*****

„

;d
•

I

• •

•* *"
Pb U-* . ,

•

•

•

*
*

Fig. 1. The plot shows how deeply
a beam of electrons, x rays, or thermal
neutrons penetrates a particular element
in its solid or liquid form before the
beam's intensity has been reduced by
a factor of 1/e, that is, to about 37 %
of its original intensity.
The neutron data are for neutrons
having a wavelength of 1.4 angstroms
(1.4 xlO"10 meter)

Material Source: from LANL, USA

.20 40 60
Atomic Number

80

n.*& 7. 7 • Neutron, Electron, and X-ray Penetration Depths
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Neutron Scattering—A Prim«r

! Crystallography

Atomic Structures

Microstructure

Proteins

10'

Viruses

Porous Media Precipitates

Sir.

10"

Size (meiers]

Structure

Bacteria

\

Grain Structures

10

Los Alamos Stttvce Sunuaef 1990

H^ 7.8 Neutron Scattering - A Primer

Neutron Diffractometer-b 10E-11-10E-9 m
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Duality, Electric Dipole Moment $\ Magnetic Dipole Moment-;

n.^ 7.9 ) -g^ofe

n - p + e + v (n : f ^ 4 , p : 6oM§*h e : &&*>}, v :

SCATTERING INTERACTIONS

Beams oi neutrons, x rays, and
ejtsjc jons interact with material by
different mechanisms. X rays (blue)
and electron beams (gtcm) both
interact with electrons in the materials;
with x rays the interaction is electro-
magnetic, whereas with an electron
beam it is electrostatic. Both of these
interactions are strong, and neither type
of beam penetrates matter very deeply.
Neutrons (red) interact with atomic
nuclei via the very short-range strong
nuclear force and thus penetrate matter
much more deeply than x rays or
electrons. If there are unpaired electron
in the material, neutrons may also
interact by a second mechanism:
a dipole-dipole interaction between the
magnetic moment of the neutron and
the magnetic moment of the unpaired
electron.

Material Source: from LANL, USA

HQ 7.9 Scattering Interactions

-b de Broglie (Dynamic) u)X\
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3.

7\.

(probe), 113]

7.1 r. °1

7]cl|ty.

Classification of Neutron Energy, En

Classified Neutron

Fast Neutron

Intermediate Neutron

Slow Neutron

Energy Range

En > 1 MeV

1 MeV ^ En > 1 eV

En < 1 eV

Classification of Slow Neutron

Slow

Neutron

Classified Neutron

Epi thermal

Thermal

Cold

Very Cold

Ultra Cold

Energy Range

leV > En > 0.025 eV

En * 0.025 eV

2.2 km/s, Ar = 1.8 A

0.025 eV ^ En ^ 5X10"s eV

5X10"° eV > En > 2X10"' eV

En < 2X10"7 eV

Resonance Region of Neutron

100 eV > En > 1 eV

S 7.1
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(Nuclear Transmutation Field)

Actinide

H51S5. IAEA 7}

Accelerator Driven System^

U-235 0H

$13.,

%t\.

^ f l ^^ u]-g-o)

L, Thorium #

^ C02

. (ZL^ 7.10)
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Fossil Resources

• Petroleum ,
- Coal

- Natural Gas

Chemical Industry

Plaslics & Textile Industry

-HI—

Fertile Resources

• Uranium
• Thorium

Electric Power

C O , , SOx N O , , ••••

Electric Power (Present)
Irom U-235 only

Long Lived Radioaclive Waste
(PWR, BWR, Candu)

Environmental Impact

• Weather Change
- Downpour
- Heavy snow
- Sea level up
- Anharmonic Cycle

ol Ecosystem

| Reprocessing

Partitioning

Electric Power (Future)

• Nuclear Transmutation
• Small & Short Radioaclive

Waste (Molten Sail Reactor)

Electric Power

• Nucloar Reactor
• Nuclear Waste

O.^ 7.10
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3.

(Montreal Agreement). ojofl Ecfe]- -^ • «2|«*KI§,

, ojofl

1-123, Bi-232, Cf-252 ^ g -

(Ultra Cold Neutron)# ^f-§-^]: Small Angle Neutron Scattering (SANS)

^ Genomics #o><Hl>H DNA *\ ^

Scattering length 7} Q£LU\-C\ 3.7\] *}°]W: °l-f-fe Neutron

. tcfeH 4 ^ ̂ ^ # ̂ 1̂-711 ofe

oj-^e]- Engineering Plastic

De Broglie Wavelength

(Phase change)!-

Stress ^r^, ^
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Neutron £j 7]^ ^ ^ # oj-g-*f 3^3.^ ^ disket, tape,

#3§%^7} zero <d *m 7j}*h 3.-&&&S.ZI} 7fi1h C02

Polymer if 7 H

Ultra Cold Neutron 4~§- ^ o f e -f^-*l « l | ^^ 3Mr|-.

51 7W

*
(Intense Pulsed

Neutron Source Progress Report 1991-1996, 15th Anniversary Edition -

Vol. 1, Argonne National Lab.

«>. Muon ( fj.)

200«fl ^£S.Ai ^7fl D ̂  T
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o)-§-

4
^ Item,

51 oflH] Proposal^

Proposal

. Userl-

o\] Beam

(Weighting Factor)

fe- Project^ Funding^! 2E#

KOMAC Home

Page,

KOMAC Project#

7f. KOMAC Home Page

User|§-.£|

ofl

KOMAC Project^ ^ i 9l t:]-<̂ *]: Potential

http://www.kapra.snu.ac.kr/komac)

. o)n| A ) ^ ^ 3 . OlTiU 4^^1^^1 Project

- 125 -



LINAC98 XIX International Linac Conference (Aug. 23, 1998. 8, 23 ~

Sep. 1, 1998. ^M^: The Fairmont Hotel, Chicago, Illinois, U.S.A)

OECD/NEA Workshop*J-7f (Oct. 12, 1998. - Oct. 16, 1998,

SannoMaru Hotel, Mi to, Japan)

51 User Group

Si

Fermi Lab., Argonne National Lab. APS (Advanced Photon Source)

User Facility Office *#•§• Si ̂ ^, User Facility & Program

-̂ JAERI (Tokai, Naka) (Neutron Science Center User Office

^, User Facility & Program 2L*\)

SPring-8 ^>g- (User Office «oNr, User Program

KEK User Facility *y§

eh -̂ujf ̂ J ̂ -^^ ^i^-71-1- ̂ g * M Seminar 7f[^^

7^71 ^ ^ % User Program^ tH«i ^ ^ - ^ ^ r ^ KOMAC

)-§-/-§--§- ̂ ^ 3 : 4 ^ . Potential Area^ £

KOMAC Project*!

Projects ?14~b ^< 1̂ «>^^*|-nh S 7.2

Aj^ofl cK*H ^^1 tio^, internet, ^S] ^-Sj, Seminar, &^7\
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KOMAC Projectofl

Acceler-
\ ator

ParameX

ters \

Labora-
tory

/Country

Beam
Energy at

Goal
(QeV)

Average
Beam

Current
(mA)
Beam
Power
(MW)
Pulse

Length/
Repetition

Rate

Accelera-

tor Type

Status

Applica

-tions

IPNS

upgrade

ANL

/USA

2
(2.2)

0.5

1.0

<1 us
/30Hz

Synch
-rotron

Running

Neutron
Science

LANSE

LANL

/USA

0.8

0.16

0.16

150 us
/70 Hz

Linac

Running

Neutron
Science

APT

LANL

/USA

1.7

100

170

CW

Linac

R&D

Tritium

Produc

-tion

SNS

ORNL

/USA

1.0

1.0

1.0

0.54 us
/60

Linac

Begining

in 1999

Neutron
Science

NSP

JAERI

/Japan

1.5

5.3

8

2 ms,

CW

Linac

R&D

Transmu-

tation,

Neutron

Science

ITEP

ITEP

/Russia

0.1-1

1 0 -
100

9
90

CW

Linac

Design
R&D

Neutron
Science

ISIS

Ruther-
ford

Appleton
/England

0.8

200^A

0.16

1 MS
/50 Hz

Synch-

rotron

Running

Neutron
Science

ESS

EU

1.3

3.7

5

2ms
/50 Hz

Linac

Design

Neutron
Science

SINQ

PSI
/Swiss

0.8

1.6

1

CW

Ring

CycJotro

n

Running

Neutron
Science

KOMAC

KAERI

/Korea

1.0

20

20

CW

Linac

R&D

Energy
Amplifier,
Transmu

tation

1 7 , 2 Accelerator Comparison for Neutron Science and Technology
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2.

M Program^ KOMAC Project^

user Program^ ^;JL alfe KAPRA<Hl^ 4

3-Q 7.

Industry

University
Research

Institute

USER PROGRAM
(KAPRA)

1
Site &

Building

Accessory

Facility

International

Co-work

Comprehensive Accelerator Design

1
Utilization of
Accelerator

Technics

Beam
Utilization/

Application

Technical
•Support of ~

UtlUzatton/C
Application

,(KAER[) , '

H^ 7.11
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7h i%»" 7H%7l (Pohang Light Source; PLS)

^ S 7.33J-

1988id ^ 4 ^ 7H*r7l ^

7} ^Qo]^- 1991^1 ^ ^ * H 1994\1 1 2 ^ ^ ^§-Sl5dt:K o ] ^ . 1995^ 9

7.12 PLS
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Parameter Value Remark
LINAC <*i%7H*f7l)

Energy
Beam Pulse Length
Beam Current
Beam Repetition Rate
Emittance (nm. rad)
Bunch Length
Energy Spread

2 GeV-2.5 GeV
~ 1 ns
~ 1 A
10 pps
295 @ 2GeV
17-20ps
< 0.3%

normal operation value
normal operation value
normal operation value
design value
measured value
design value

Storage Ring (^^o1)
Lattice Type
Circumference (m)
Harmonic Number
RF frequency (MHz)
RF Voltage at 2 GeV(MV)
Natural Emittance(nm. rad)
Bending Radius

TBA
280.56
468
500.087
1.8
12.1
6.306

1 7 . 3 PLS

data*]!}.

1923

4 6 8 10 12 14

H ^ 7.13 1999\1

16 18 20 22

- 130 -



2002^*1 #

1171151 SJeteJoi 4-g-sU

- 1B2 Whitebeam/ Microprobe Beamline

Type : Bending magnet

Photon energy range : 4-12 keV

- 2B1 VUV Photoelectron Spectroscopy

Type : Bending magnet

Photon energy range : 20-1230 eV

- 3B1 Normal Incidence Monochromator

Type : Bending magnet

Photon energy range : 5-35 eV

- 3C1 EXAFS

Type : Bending magnet

Photon energy range : 2-14 keV

- 3C2 X-ray Scattering

Type : Bending magnet

Photon energy range : 4-12 keV

- 4B1 Photoemission Electron Microscopy

Type : Bending magnet

Photon energy range : 200-1000 eV

- 4C2 Samll-angle R-ray Scattering

Type : Bending magnet

Photon energy range : 4-16 keV

- 5C2 X-ray Diffraction*K-JIST)

Type : Bending magnet

Photon energy range : 20-2000 eV

- 8A1 High-resolution Spectroscopy and Spectromicroscopy
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Type : Undulator

Photon energy range : 4-12 keV

9C1 Deep Etch X-ray Lithography/LIGA

Type : Bending magnet

Photon energy range : 4-20 keV

11B1 X-ray Lithography

Type : Bending magnet

Photon energy range : 800-3300 eV

4

1B1

2B1

3B1

3C1

3C2

4B1

4C2

5C2

8A1

9C1

11B1

X-ray Fluorescene Mieroprobe, Phase Contrast Imaging,

L1GA
JL%] fi^^i &*} >$n ^
(photoemission spectroscopy and magnetic circular

dichroism)
gas-phase experiment in 5-35 eV

4* x->d «* -̂̂  w
x-il ̂ fl Aa^, -̂̂ ^ x-̂ i s>4s. ̂ -̂
JL*|] &*&$] #*} ^BH ^^?-
(photoemission spectroscopy, magnetic circular dichroism

and photoemission electron microscopy)

polymer *§£. -§•£} small angle x-^. ^ f ] : ^ ^

X-<1 ^>f> ^^
3- ^r^H^ spectroscopy-i]- spectromicroscopy

deep etch X-^d lithography

Giga bit DRAM-§- sub quarter fim ̂ - * H^ X-^d lithography

S7.4 PLS

- 132 -



oj-g- . 1999^^1^ I82<yo] user service 7]

1999 Accelerator Operation Sthedule

|llser Service 1 JMaintenance JMachine Study

W W

1 3
10
17
24
31

4
11
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5
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19
26

6
13
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27

7
14
21
28

1
8
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22
29

2
9

16
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T T 3 4 : b; 6
7 8: 9 : 1 0 11 • 12 H B

g 10 11 12: 13
14 1b; 16; 17 18. 19 PTTf
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S B i E l l M 21 22; 23 ! 24
2b 26i 27: 28 29 30

9 • 1 0 ; 1 1 i 1 2 1 3 • 1 4

B E H U S 19 20 21; 22
23 24| 2bi 26 27 28 E l

PleF3ri . 9 10; 1 1 I 12
13 14: 1b; 16 . 17 ; 18 8 0
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7\
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7
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11
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16
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16
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13
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17
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2.

7\. APS (Advanced Photon Source),

APS(Advanced Photon Source)^ ChicagoofH

5ll-b Argonne National Laboratory^! ^H*]*l-3. Sil

^ S . insertion device#

^ $ a - ^ r 4

25nf<y

°1

ZL^l 7.14 APS
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-Tr APS# CAT(Collaborative Access

II (Independent Investigators)£| x}z^£.S. °}-%-%}3. SX^tf] CAT%

insertion-device(ID) beamline^f bending-magnet(BM)iLiil o]̂ p-<>i3l sector^.

beamlineS] H7J1, ^ 3i 7 ^ # * ^ * ] J L

storage

( 7f ) ^riL Parameters

Beam Energy 7 GeV

Beam Current 100 mA

Beam Lifetime 10 hrs

Beam Particle Positrons

Injection Energy 7 GeV

Number of Bunches in the Lattice 1 - 6 0

Bunch Duration (rms width) 73 ps

Horizontal Emittance 10 x 10-9 mrad

Circumference 1104 m

Number of Straight Sections to Extract Radiation Beams 35

Straight Section Length 5 m

Number of Insertion Devices per Straight Section 1 to 2

Straight Section Vertical Aperture (Mature Operations) 8 mm

Radiation Sources Undulators, wigglers, bending magnets

Sector Insertion device beamline and adjoining bending magnet beamline

Front End Installation 20 sectors currently being installed
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(*~f ) Source Parameters

Undulator A Parameters

Magnet material Nd-Fe-B

Pole material Vanadium permendur

Period length, 3.30 cm

Number of periods 72

Length, L 2. 4 m

Minimum gap 10.5 mm

Maximum gap taper 2 mrad

Deflection parameter, Keff (Kpeak) (10. 5-mm gap) 2.57 (2.62)

Maximum field, Beff (Bpeak) 0.835 (0.849)T

First harmonic energy (10. 5-mm gap) 3.2 keV

Rms peak magnetic field errors (11. 5-mm gap) <0.5%

Rms phase errors (11. 5-mm gap) <8°

Wiggler A Parameters

Undulator Period, 8.5 cm

Number of Periods, N 28

Device Length, L 2. 4 m

Magnetic Gap 2.1 cm

Maximum Magnetic Field 1.0 T

Deflection Parameter, K 7.9

First Harmonic Energy, El 0.17 keV

Critical Energy, Ec 32.6 keV

Total Power 7.4 kW

Peak Power Density 73 kW/mrad2

Peak Normal Heat Flux § 30 m 81 W/mm2
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(t\ ) Accelerator Parameters

(D Linear Accelerator

Linac e-

Linac e+

Target

e+/e- Conversion Efficiency

(2) Positron Accumulator Ring (PAR)

Circumference

Revolution time

Energy

Bend Magnet

Bend Radius

200 MeV at 1.7 amp

450 MeV at 8 mA

Tungsten

1/200

30.6 m

102 ns

450 MeV

8

1.0 m

24 Linac bunches are accumulated into 1 PAR bunch

(3) Booster Synchrotron

Circumference 368 m

Revolution time 1.2 nsec

Lattice 40 cell FODO

Bend Magnets 68

Bend Radius 33 m

Energy 7 GeV

(D Storage Ring

Energy 7 GeV

Current (multi bunch) 100 mA

—(single bunch) 5 mA

Lattice Chasman-Green
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Circumference

Bunch Length

Bend Magnets

Bend Radius

Bend Field

Quadrupoles

Sextupoles

Skew Quadrupoles

Correction Dipoles

RF

Revolution Time

Injection

No. of RF Cavities

1104 m

73 ps

80

39 m

0.7 T

400 (10/period)

280 (7/period)

20

318

351.93 MHz

3.68 nsec

Full Energy

16

(5) Vacuum System (Storage Ring)

Material 6063 TS Al

Horizontal Aperture 85 mm

Vertical Aperture 42 mm

Vacuum Pressure 1 nTorr

(6) Diagnostics (Storage Ring)

4-Button Pick Ups

ID Chamber Pick Ups

360

2/ Straight Section
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Seven Day Storage Ring Current & Seaniline Operation History

Bpr 87 ' npr ea ' ( f r n ' Rpr le ' Bpr 11 ' Hpr 12 ' ftpr 13

Tue ftpr 6 1999 Date and Time Tue ftpr 13 1999

- Bear AveiJable fcr User Operations : - fean Not Rvailable For User Operations

OPT 117 ' Hi'i 93 ' Hpr '

Tue ftpr 6 1999

^-^ 7.15

dpr IB ' Rpr U ' t^r 12 ' Rrr 13

Date and Time Tue Rpr 13 1999

storage ring 7}%

7.16«H| CAT (Collaborative Access Teams) CAT

BESSRC Basic Energy Sciences Synchrotron Radiation Center

BioCAT Biophysics Collaborative Access Team

CARS Consortium for Advanced Radiation Sources

CMC Complex Materials Consortium

DND-CAT DuPont-Northwestern-Dow Synchrotron Research Center

IMCA-CAT Industrial Macromolecular Crystallography Association

IMM CAT IBM-McGill-MIT

MHATT-CAT Center for Real-Time X-ray Studies

MRCAT Materials Research Collaborative Access Team
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PNC-CAT Pacific Northwest Consortium Collaborative Access Team

SBC Argonne Structural Biology Center

SRI-CAT Synchrotron Radiation Instrumentation Collaborative

Access Team

UNI-CAT A University - National Laboratory - Industry

Collaborative Access Team.

S E C T O R LOCATIONS F O R
APS COLLABORATIVE ACCESS TEAMS (CATS)

TO vish a CATS home page, click on its name on the diagram below.
(Note: Only txidedined name3 are currently linked)

UNI CAT-2

UNI-CAT-1 (33),
COM-CAT (32)

sra-cAT
(1-4)

DND£AJ(5)

MHATT-CAT

IMM-CAT (81

CMC-CAT (9)

MR-CAT (101

BE32BJCJLCAT (11)
BESSRC2-CAT(12)

(GEO)CARS-CAT(13)
(BIO1CARS-CAT(14)

(CHEM)CARS-CAT (15)

BACK TO
MfllHMEITO

PNC-CAT-
(20)

SBC-CAT 09)"
Bio-CAT(18)

03.97 IMCA-CATf17l
NOTTO SCALE

D.Q 7.16
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APS-b CAT7f

MAD Analysis of FHIT at the Structural Biology Center

Advances in High-Energy-Resolution X-ray Scattering at Beamline 3-ID

X-ray Imaging & Microspectroscopy of the Mycorrhizal Fungus-Plant

Symbiosis

Measurement & Control of Particle-Beam Trajectories in the Advanced

Photon Source Storage Ring

oj-g-

SoflAi

25%7f II(Independent InvestigatorsH

^ b l̂ ̂ K ^ t W 1^ J^# ^l%f. APS User

Officê  ̂ n*W7\ ^H#S14 51^ ?!7
CATS.

http://www. aps. anl. gov/xfd/communicator/useroffice/IIprop_form. html.

1999\li£ APS #71 ̂ 7 } ] ^ r^g-31-
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1999 APS Operations Long-tenn Schedule
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i~h ESRF (European Syncrotron Radiation Facility), EU

(1) #*] ^ %

ESRF(European Syncrotron Radiation F a c i l i t y ) ^ 1988\l-f-B|

beamline<Hl ^ f l 1994\1

24A] #

ESRFfe

1988V1

HU 7.

X-ray

7.17 ESRF5]
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<$^

27.5%

25.5%

15%

14%

ig7H

4%

4%

6%

4%

1 7 . 5 ESRF

storage ring^

beamport7> -

ESRF ĵ preinjectorfe 16m

5\o] 200 MeV7>*l 7 ^ o ]

synchrotronoJH ^^l -^- l - storage

844mS.>H

) 300m |̂ 10 Hz cycling

injection^}7] Qo\] 6

accessl-

- Storage Ring

Energy

Circumference

Nominal Intensity

Magnet Bending Radius

RF Frequency

Harmonic Number

6 GeV

844 m

200 mA

24.95 m

352.2 MHz

992
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- Synchrotron Injector

Repetition rate

Energy

Circumference

Emittance at 6 GeV

- Preinjector

Repetition rate

Pulse length

Electron current

10 Hz

6 GeV

300 in

1.2.10-7 mrad

1 Hz/10 Hz

1000 - 2 ns

25-2500 mA

ESRF-b

beamline#
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beamline

IDl

BM1A

BM1B

ID2A

ID2B

BM2A

BM2B

ID3

BM5

BM8

ID9

ID10A

IDl OB

ID11

ID12A

ID12B

ID13

ID14A

ID14B

BM14

title

Anomalous Scattering

Crystal Diffraction

Powder Diffraction

SAXS

PX

Anomalous Scattering

Small Angle Scattering

Surface Diffraction

Open Bending Magnet

Diffraction &

Absorption

White Beam Station

TROIKA A

TROIKA B

Material Science

Circular polarization

DRAGON

MICROFOCUS

Macromolecules A

Macromolecules B

MAD

beamline

ID15A

ID15B

ID16

BM16

ID17

IDl 8

IDl 9

ID20

BM20

ID21

ID22

ID24

BM25

ID26

BM26

BM28

BM29

ID30

ID32

BM32

title

High Energy

Diffraction
HE Inelastic

Scattering

Inelastic Scattering

Powder Diffraction

Medical Beamline

Nuclear Resonance

Topography

Magnetic Scattering

Radiochemistry

X-ray Microscopy

Micro FID

Dispersive EXAFS

Absorption &

Diffraction

XAUS

Spectroscopy

Magnetic Scattering

XAFS

High Pressure

SEXAFS

Interface Studies

S 7 . 6 ESRF beamlines

- 146 -



(2)

X-ray

. o|

o)-g-*V absorption

spectroscopy, diffraction, surface scattering

X-ray beam^ ccfef

polymer^

ol

^r spectroscopy, diffraction, imaging

*> X-ray

X-rayfe
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«V7«# ^ * \ 3 . $X^\. *$*] medical imaging

|J2. SUfe^l ESRF^ small spot size X-rayfe S

ESRF#

471-

(3) ^ |

Scientific Review Committee^

-Ml- ^ S * H ^"S-i- 471711
ESRF ĝfe

. 1998\4S. ^ A ] beam

shutdown period# 7 ^ 1 ^ *J^S. ^ < ^ 3 £ | ^

beam A|~g-7H=r ^l^:ol 95%# ̂$d3. ̂ 1 -f-Sj § ^ 1 ^ t ̂

^r # 13807H1 ^ ^ ^ 4

-MgSj&ch o l# ^11 339^
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ESRF 1999 Operation schedule ESRF

8on03
MonM
TutCO

• H B
TMIJ7

FriOB
MOB
ftintl
Men 11

Had 13

•:NUI:-

<̂ r My JJT. JJ Aig Sap Oct New Deo J * i 2C0O

f7^na ByT'Tl

ITgT»::l K3E3

ran .HZQ.

S3 jjnj?f<j

C2!E3

Utm Sw-vk» Mxta(USM)

htacNn« Dedic^ad Tim*

23300 d*T 3032 h. 04H
updMed bf l_ Hwdf en » No* M

774O 4»t^ 1948 h. 2 1 *

7.18 ESRF

- 149 -



t\. SPring-8 (Super Photon ring 8 GeV),

(1) #*|

434^

SPring-8S]

a ^ 1997\1

beamline

. SPring-8^ ultra-brilliant X-rays^

7|S|

ZL^l 7.19 SPring-8

Science and Technology Agency^ SPring-8

Prefecture Government^-

Super Photon ring 8 GeV^

3.711 7H*)-$it:>

8 GeV^ storage

Hyogo
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photorH . SPring-8o{H -fe photon

brightness^l

10 2 0

Synchrotron radiation
produced by a SPring , w
undulalator insertion device | W \ \

io1B Synchrotron radiation " ^ ' ? ' u

produced by a SPring-8
wiggler insertion device,

Synchrotron radiation
produced by a SPring-8's
bending magnet

0.001 0,01

Wrared Risible lighi SoflX-tay

Ultraviolet^'^ ln-vacuum uKraviotet

10 100 1000
Light energy (keV)

Hard X-ray

1000 100 10 1 0.1 0,01

Light wavelength (A)

H U 7.20 SPring-8<HH<>}
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-Acceleration Energy : lGeV

-Length : 140m

TT 267fl7l- ^l>*d^.5. afl^^l 3m ^o\$] high-frequency accelerators

)_Synchrotron

-Acceleration Energy : 8GeV

-Circumference : 396m

lGeV7J-*l 7Hr^. ^*j-^£ bending magnets^

(nf) Storage Ring

-Acceleration Energy : 8GeV

-Circumference : 1,436m

SPring-85] storage ringer ^ ^ ^ # 8GeVofl-H 2 0 ^ ) ^ oj-tf

RF

(SJ-) Beamlines

-Bending Magnet Beamlines •' 23

-Insertion Device (4.5m) Beamlines : 34

-Long Insertion Device (30m) Beamlines : 4

SPring-8<H|^ 7f|̂ -*> in-vacuum type undulator#^r

$X^\. °M undulator#^r ^ # ^ 7 } % magnetic forced <§«o> oj-

*r^^I °l^*l ^-#^^1 shorter-wavelength

f. beamlineS}
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beamline

BL01B1

BL02B1

BL04B1

BL08W

BL09XU

BL1OXU

BL11XU

BL14B1

BL15XU

BL16XU

BL16B2

BL20B2

BL23SU

BL24XU

BL25SU

BL27SU

BL29XU

BL33B2

BL39XU

BL41XU

BL44XU

BL44B2

BL45XU

BL46XU

BL47XU

public beamline

public beamline

public beamline

public beamline

public beamline

public beamline

JAERI beamline

JAERI beamline

contract beamline

contract beamline

contract beamline

public beamline

JAERI beamline

contract beamline

public beamline

public beamline

RIKEN beamline

contract beamline

public beamline

public beamline

contract beamline

RIKEN beamline

RIKEN beamline

RIKEN beamline

RIKEN beamline

XAFS

extremely dense state

WEBRAM

actinoide Q^y-

Hyogo beamline

soft x-ray spectroscopy

soft x-ray photochemistry

coherent x-ray ^^

bio-crystallography

-7-3. ̂ # ^ I
R&D 2

R&D 1

7>W

7 > * ^

7f^-#

7f^#

^ i ^ ^ j
£ ^
7^^

7\^"$r |

7fW
7^# i

71-̂ ^
7f^^

7^#

7}W

7.7 Beamline
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(2)

(7f) XAFS

4.5-97 keV

5-90 keV <

(uf)
bending magnet^]X\^-B\ \^^.^ white x-ray# <^|-§-^H 3.-&

100-150 keVî  100-300 keV

x-rayl- l̂-g-*f<H Compton ^eV ^

hard x-ray undulator# tfM ^ ^^g ^>f]:# °)-§-^]: Mossbauer

spectroscopyM- S^^ -^ :^ -^ ^ ^ ^ ^ " l " ^r^tl^K

(H]-) Extremely Dense State

in-vacuum type undulator^fl-*] i-f̂ -'fe' high brilliance x-rays-H

(of) Actinoide

soft x-ray ^ : ^ ^ # <>l-g-*H actinoide#

f) Soft X-ray Spectroscopy of Solid

high energy-resolution circularly polarized soft X-ray-§- c
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}•) Soft X-ray Photochemistry

soft x-ray photochemistry 9| soft x-ray CVDofi

hard x-ray undulator# •*]"§-*}-<H x-ray magnetic scattering/

absorption ^ 4 S ^t]-^- >*§•§•«]• ̂ o H l ^ x-ray micro-analysis

(sf) R&D
x-ray undulator beam. ^-^] hard x-ray
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7.8^

cj^eiof

<>]-g-7m

^^-^
7l<3*ti

#7))

140

96

13

249

2

1

1

1

1

1

1

1

9

258

7.8
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eh isis,

( l )

ISISfe <g^Sj Oxford ^ c N

^ spallation neutron source

Rutherford Appleton Laboratory^]

^., *l*f| 7

K 1 9 7 7 ^ 1

Hk3., 1984\1^1 commissioning^ n}*]3

, 1985^011 cH^ ^ g - 049. A ) ^ ^ . ^71

^ (pulse) muon

^1*1; . ISIS

program^- -O):

4
^ depleted

spallation

1,600 ^*1 4 ^ } 7 f 600

synchrotron^. ^-^5]<H a l i 4 4 70 MeV, 800

^7\^7]77\*\±± H" oj^-o] 7f45l3-, synchrotron^.

stripping*H d<M3*)-5. Hj-S ^ 7>4f^lu>. 7 ^ ^

Uraniumc-m Tantalum^}- ^ ^ 4 ^ . 5 . ^14^1 target^l

«1-S-^S. JL^- ^ S (high flux density) ^ ^ H -

graphite target# ^J-^^}^ pion# ^^^1^1^-^i, pion^- muon^.5. decay

*>4 %c\. -S-1^ °Wel- pion^f muon̂ r neutrino#

muon, Ziel^L neutrino7|- ISIS<HH

^ ^ alfe ^«l7f ^-^5]<H $d4. 3M 7.21 ̂  isis

o]̂ L 71^- ̂ - ^ ^ S 7.9 ofl
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7.21 Plane view of ISIS

Ion source
pre-accelerat i on

Injector

Synchrotron

Type
Energy
pulse length
peak current

Diameter

No. of protons
RF acceleration
micro pulse
bunch separation
repetition rate
Energy
Average current
Average beam power

H- source (Cs vapor used)
665 kV (Cockcroft-Walton type)

DTL (four tanks)
70 MeV
200 MS

22 mA

52 m

2.8 X 1013 #/pulse
second harmonic
100 ns
230 ns
50 Hz
800 MeV
-200 jus
160 kW

S7.9 ISISSJ
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15- #<H

Target ^fljLsi-^ -^S. Tantalum^] ^|-§-£l-tr^fl, spallation

^ ^ f yield-fe- ^ 1 5 neutrons/protonojt;]-. u|2j-^cr

i 300

Cockcroft-Walton^- <5|-§-*j; pre-acceleration#

Radio Frequency Quardrupole (RFQ)S tjf^)-ar)- .̂ ^<yo|u|-. o| ^ - ^ ^ ISIS

£\ 'Q$]A§3\ ^i ^"^"W ^"^171 •^JsU^oluj- JHBJJ2. 300 [ik H ion source

7fl^ ^-^o) ISIS-if ESS (European Spallation Source)#

Synchrotron^!]fe ^.^fl 67fl^ second harmonic RF cavity7}

cavi ty# c] *m*k °^]^!O1^K ^-Q 7.22,23,24^ ISIS

1 ISIS

* oj-g- A]^> (<y)
# target o|-g- AJ^V (<y)
^ > ^ ^^- (mA-hrs)
targetoi]^ ^ ^ ^^^-(^A)

^14 ^ 5 : ̂  ^^- ()"A)
\d̂ > ^ ^ »A ̂  (y«A)
# ^ ^ ^3. (GWh)
oilM^l &"§• (mA • hrs/GWh)

1991

175
135
366
113
145
87
43
8.5

1992

174
148
533
149
181
128
44

12.1

1993

168
152
623
171
187
145
45

13.8

1994

168
155
653
176
184
145
50

13.1

1995

168
151
661
182
201
162
46

14.4

1996

168
512
621
171
204
153
47

13.1

1997

168
153
672
183
197
167
45

14.9

7.10 ISIS 7l~§-

- 160 -



14000

i- • f -.. H'I ''"•'"•'.- • •' 9A 0 5 v o 0 7

Year

H.^ 7.22 Total integrated ISIS proton beam current

/OO

6'

i'-t'j B/ ft« B'? 90 91 >^; 93 P4 9h 90 9 /

Year

7.23 Average daily ISIS proton beam current

CYCLE 5 1998
9 JAN - 16 FEB

15B.9 mAhrs, 36.67 days,178.33uA

CH4

TANTALUM

JAN DATS

H^} 7.24 Recent daily ISIS proton beam current statistics
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MAPS : Single Crystal Excitations,

eVS : Electron Volt Spectroscopy,

SXD : Single Crystal Diffraction, Wavelength sorted Laue diffraction

and diffuse scattering

MARI : S(Q,<y) Vibrational and Magnetic Spectroscopy, 3° JfB] 135° 7?\

A ^ a j j v g . A*¥& ^r $X^ Chopper £#7))

LAD : Liquids and Amorphous Diffraction, glass, liquid, gas.2-)

structure factor Tfl̂ -, *}7] 5 ] ^

PEARL : High Pressures and Engineering, -§-ej ̂ g , 3 . ^ 5 ] ^

HRPD : High Pressure Powder Diffraction, J2. ̂ | f ^ ^^ $\%1

DEVA : Muon Test Beam, Muon development beam (user-supplied)

MuSR : Implanted Muon Spectroscopy, -f^o1"^, ^U^o* & '0' field

EMU : Implanted Muon Spectroscopy, #*&•%* & '0' field

SANDALS : Small Angle Liquids and Amorphous Diffraction,

PRISMA : Coherent Excitations and Single Crystal Diffraction,

phonon & magnon ^^, 3. ĴrSfl̂ " ̂ ^-^ S ] ^

ROT AX : Muti purpose Instrument, ^-^ & ^ ^ ^ ^ l ^ , texture

CRISP: Specular Reflection from Surfaces and Interfaces,

SURF : Specular Reflection from Interfaces,

LOQ : Small Angle Scattering, 3. ^ f s ^ ^-S

OSIRIS : Polarization Analysis Spectroscopy and Diffraction

IRIS : Low Energy Spectroscopy and Long d-spacing Diffraction

POLARIS : High Intensity Diffraction

TOSCA : Molecular Spectroscopy and Crystal Fields

HET : Excitations at Low Momentum Transfer

- 162 -



RIKEN : Muon Instrument

Instrument7l-

MAPS

SURF
POLARIS / / C R l s p

OSIRIS

3.Q 7.25 ISIS instruments

(2)

(7\) CRYSTALLOGRAPHY

crystallography program^: ^S. two powder diffractometer HRPDif

POLARIS ^LejJL single crystal instrument SXD# 4-§-tI:^K a*> LAD,

ROTAX, IRIS 3LZ}3. PEARL instrument^

( U ) DISORDERED MATERIALS

°] ^-°>^1 ^T2-0!!^- ^^H Liquids and Amorphous Diffractometer, LAD^f

Small Angle Neutron Diffractometer for Amorphous and Liquid Samples,

SANDALS ^ r^$) Diffractometer7l- A|~§-!£|3. ̂ ^ K ZLZ]5L 200
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element7f •§• *

Diffractometer)7f

, 4S.o] GEM (General Materials

SANS ( Neutron

(nj-) LARGE SCALE STRUCTURES

Soft matter, complex fluids,

Reflectometry and Small Angle Neutron Scattering)

. ILBlja. pulsed^ ^ ^ ^ ^ ^ ^^J-i- ^^*l-7l #n LOQ, CRISP,

SURF ^ l | f l A K

(ej-) EXCITATIONS

°1 - S - o ^ <?l^-^fe HETAf MARI ^ cfl^ chopper

geometry •^•^•7(1 «1 PRISMA, ZLB\JL c f g - i S]^7flol ROTAX7f

PRISMAfe c r i t i c a l ^e>3f S ) ^ ^-^«>i| A|~g-S|7lS. ^ K ALF ^ ] f e

(nf) MOLECULAR SPECTROSCOPY

flux^

U wf€- tunnelling 049.7]-

high

(Hf ) MUONS

Condensed matter if 4 S 3f«J-

ZLel3. ARGUS Afl
muon MUSR, EMU,
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(<*>}) ENGINEERING AND INDUSTRIAL USES OF ISIS

ENGIN PREMIS programmed T$B\ 1995^ 12^<H1 EC7f

4 ENGINE ^^3if commissioning^] & S . Q -tfEJM^

ENGIN instrument^] sample tifl<i# $*> ^1*1 *1S TV4f Iaser7]-

silicon carbide reinforcing fibers^] tJJ*f stress ^^, ^•'%j;^£.*>]]

thermal cycle-induced strain^] dynamic monitoring,

(of) INDUSTRIAL USES OF ISIS

beamtime

small angle and reflectometry ^^-ofl-H ^-S. o]-g-5]

^^.S ISIS# Tfl^aj^g. 4-g-^ cj|^ ̂oi] <^^-# ^l^^fe «o^o] al4.
LAD5] elastic scattering instruments]A-] o|-f-o]x]^i 6 1 ^ FINEMET glass

-, SANDALS<HM o]^-o]^|^i ^ ^ CFC refrigerant^]

(^) RIKEN

RIKEN muon facility^ ^^B 44°fl>H ^ j - ^ ^-^^ pulsed decay muons

(m+/m-)3| m+ surface muons# ]̂]"o'̂ rl"j3- Stl̂ f. muon catalyzed fusion ^.^

1- ̂ tt port7> £*fl ̂ :^o] sisâ -. at!: ARGUSeKn. *]fe mSR >g^# ^*i
port7f ^ ^ ^ 3 . $\t\. RIKENS]A-|^ ^ 4 ^ F ^ ] exotic magnetism, high Tc

superconductors, conducting polymers and semiconductor
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(*B KARMEN

KARMEN experiment^ 1 9 9 0 ^ - ^

200051^ neutrino interactional 7]^-^«>1 ^ ^ S j ^ K 4 t A £ KARMEN

neutrino oscillation^- anomaly observed neutral event̂ fl

(9\) CONDENSED MATTER THEORY

°1 •̂°):(:>1IA'î l -̂TL<Hl-fe- neutron Compton scattering, inelastic

scattering of circularly polarized X-ray^N? ^

- 166 -



(3)

Secretariat, ULS)

Liaison

ISIS5J beau*-

sflafcj- 1000^

meeting^ ^ *

ISP(ISIS Scheduling Panels)

http://www. isis.rl.ac.uk

1999\d£^| ISIS schedule^- &7.12ofl

Cycle

Cycle 98/1

Cycle 98/2

Cycle 98/3

Cycle 98/4

Cycle 98/5

Start

25 Mar 98

13 May 98

30 Sep 98

18 Nov 98

06 Jan 99

End

30 Apr 98

18 Jun 98

05 Nov 98

17 Dec 98

11 Feb 99

Duration

36.3 days

36.3 days

36.3 days

29.3 days

36.6 days

& 7.11 ISIS 1998^5. schedule

Cycle

Cycle 99/1

Cycle 99/2

Cycle 99/3

Cycle 99/4

Cycle 99/5

Start

19 May 99

07 Jul 99

29 Sep 99

17 Nov 99

12 Jan 00

End

24 Jun 99

12 Aug 99

04 Nov 99

19 Dec 99

17 Feb 00

Duration

36.3 days

36.3 days

36.3 days

32.6 days

36.3 days

7.12 ISIS 1999^-E. schedule
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of. IPNS(Intense Pulsed Neutron Source)

(1)

fe 1981Vi-?-B|

LINAC

,P0SY

n

ACCELERATOR SYNCHROTRON

7.26

SCAIC FEET

IPNS ĵ 7}^7\^ H- ion source, a Cockcroft-Walton preaccelerator, a 50

MeV Alvarez linac, a 500 MeV Rapid Cycling Synchrotron (RCS),

transport lines HSJJ2. ancillary subsystem (controls, diagnostics,

services)£.S. ^ r - ^S ]^ Stl^h 7\£f7]~ - § - ^ average beam current7} 14

e\]M 15 yuAcHj-M "§-*I"SM ^ 30$]2] ^^S. 3x1012 protons (450 MeV)#

*L^7]] Qr\, preacce lerator if linac^r 1961 \l-f-^ - ^ 4 # ^1

^ . ^ . t ^ 1979^01] shutdown^|-7| ^7j-*] 12.5 GeV Zero Gradient

Synchrotron (ZGS)£| injector^. A>-g-5] Si^K RCSfe 1970^^ ^«>-f-^ ZGS

*) boosterS.-H 7fl^5]7] Al^j-^-b^fl ZGS7]- shutdown^ <Hl ccj-ef 7Hai7l]^!

°1 "f-^Sl5dl^]-. CH^> RCS7f ^ 7 H | (1977-1980) ZING experimental target
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AS. beam# ^g-#*fet5fl *o]t±7} 1981 ̂ tf ^3] IPNS targetAS beam

(7\) Ion Source and Preaccelerator

H-ion sourceif - T - ^ ^ H I U ] ^ - ^ 750kV Cockcroft-Walton preaccelerator

$] terminal3. ty^S\o] £ j - ^ | H-ion source-b magnetron typeJL5.x\

negative ion-̂ r source cathode^) -S^^fl^i ^ ^ S ] - b hydrogen plasmaJL-r-

^ ^ ^ ^l#5]-fe- ^^o]^}. extractor electrodeif magnet

terminal ground potentialo)3. source *l-*)]£f H- ^^<H] 3.7$

cesium supply -§-̂ r negative 20 kV potential°] ^t:f. H- beam-cr

# o ] ¥. ¥ ^ 1 4 # # ^i7\tf}7\ 4\H magnetic dipoleofi 5]*H 90°

3. M] 7B^ quadrupole magnet^l -^H ^^-o] sj c)-^- preacceleratorS

°]7}7\] ^^f. preaccelerator^JA^ 6f 30 mA, 750keV, 70 ^ s pulse#

30 Hz-Ŝ  repetition ra teS

Linac

0.94m, ^A°\ 33.5m5| copper-clad-steel structureo]nf.

section^S. ^-^^<H bol tS ^[^£l<H $X^] dc

quadrupole magnet# 3£H*>fe •#• 1247|^ drift tubeS. Sl^Sll^i-. magnet

^ ^ 4 - 127J1S} series groupA^. ij±r°]^ $X^] service floor^j ^^1*1

12 7f|^ dc power supplyHW ^ ^ # * # ? > 4 . Hnac^ ^l^g-J£^ ^ ^ 2-3

x 10"7 torr ^ S . ^ ^ ] 7^$] ion purnp -̂ 2rjf5j cryo pumpS
yoVyi4 r̂ closed-loop^] ^ ^ ^ ^ . 5 . ^ ^ j " & cavity^! tuning

*fl ^rS.1^*}-^ 0.2 °F <>l̂ l-5. -fM^T}. 200 4̂Hz pulsed rf powerfe-

4-stage amplifierS^-Bl ^«>i^|^.cl| amplifier^! output staged 7835

normal operating levelo| 3 MW, peak-power rating°l 5 MW<̂1

flA-HMH U-^-^ 50 MeV beam r̂ ^%o] <$ lcm ^ £ o l 3 . pulsed

current7]- <$ 10mA ^S^o)r\,
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Rapid Cycling Synchrotron (RCS)

RCS-b 7ovtl ^ < ^ # *l\d 4 ? 1 ^ synchrotron^^ six-period

machine^isfl magnet structure^ D00FDF0o]3. # 4 ^ o ] ^ - 42.95m

ring magnet^ 0.28T^H l.OT^ x\7]%& ^ * M beamo]

l 7f^-5i^ - § ^ ^ ^ * > beam orbital radius# -8-*l*f7fl

7fl3| sextupole magnet^ 30Hz programable power supply<Hl

] °l# •̂ •*fl betatron tune correction^} manipulation^l

(2)
^ 4 IPNS<H1 ^^Sl<H ^r^5]fe instrumentl- Zl^ 7.

(7f) Diffractometers for Measuring Atomic Positions

GLAD (Glass Liquid and Amorphous Diffractometer)

GPPD (General Purpose Powder Diffractometer)

HIPD (High Intensity Powder Diffractometer)

SCD (Single Crystal Diffractometer)

SAD (Small Angle Diffractometer)

SAND (Small Angle Neutron Diffractometer)

SEPD (Special Environment Powder Diffractometer)

(!-]•) Spectrometers for Measuring Atomic Motions

HRMECS (High Resolution Medium Energy Chopper Spectrometer)

LRMECS (Low Resolution Medium Energy Chopper Spectrometer)

QENS (Quasi-Elastic Neutron Spectrometer)

CHEX (Chemical Excitation Spectrometer)
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IPNS EXPERIMENT FACILITIES

GPPD

NEUTRON
SCATTERING

TARGET

X I I I ) \
HRMECS QENS GLAD SCO SEPD LRMECS

0 2C
lniiliH!iiniiimi

SCALE FEE"

7.27 IPNSofl Instruments

Reflectometers for Measuring Surface Properties

POSY (Polarized Neutron Reflectometer)

POSY II (Unpolarized Neutron Reflectometer)
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fe 1998\1 (FY1999) IPNS

IP
' • « % •

October
S

4
11
16
25

Jar.
S

3
10
17
24
31

5
12
19
26
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4
1!
18
25
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S

D11
18
25

V

[ 5

12
19
26

July
S

4
11
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25

M
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26

IN
'\

T

6
13
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27

T

5
12
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26

T
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27

T

6
13
20
27

• • ' •

w
7
14
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28

W

6
13
20
27

W

7
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26

W

7
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26

'-\

Ji
r

. > '

Th
1
S
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29

Tfi
|

14
21
28

Tn
1
8
15
22
29

Th
1
B
15
22
29

OPERATING SCHEDULE -
October 1998 - September

Gfay areas indicate run periods. Black

1998
F
2
9
16
23
30

S
3
10
17
24
31

1999
F

Dd
15
22
29

S
2
9
16
23
30

1999
F
2
9
16
23
30

S
3
10
17
24

1999
F
2
9
!6
23
30

S
3
10
17
24
31

November
S
i
8
15
22
29

M
2
9
16
23
30

T
3
10
17
24

February
S

.-7
14
21
28

Mav
S

2
9
16
23

301

M
1
8
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22

M

3
10
17
24

EH
August
S
1
8
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M
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[
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17
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18
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19

^3
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18
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Th

6
13
20
27
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5
12
19
26

FY99
1999

areas irdjcais liofejays.

1998
F
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13
20

M

S
7

14
21
28

1999
F
5
12
19
26

S
6
13
20
27

1999
F

7
14
21
28

S
1
8
15
22
29

1999
F
6
13
20
27

S
7
14
21
28

i

December
S M

6 7 •
13 14
20 21
27 28

March
S W

1
7 8
14 15
21 22
28 29

June
S M

6 7
13 14
20 21
27 2B

T
1
8
15
22
29

T
2
9
16
23
30

T
1

8
15
22
29

Seotember
S M

5 MM
12 ~
19 20
26 27

T

I 7
14
21
28

ry'r
f

\X

% " V OP #*

w
2
9
16
23
30]

W
3
10
17
24
31

W
2
9
16
23
30

W
1
6
15
22
?9

Th
3
10
17

m
Th
•;4.;-.

11
18
25

Th
3
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17
24

Th
?
9
16
23
30

1998
F
4
11
18

S
5
12
19

126

1999
F
3
12
19
26

S
6
13
20
27

1999
F
4
11
18
25

S
5
12
19
26

1999
F
3
10
17
24

S
4
11
18
25

ZL*Q 7.28 FY1999 IPNS Operation Schedule
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Hf. SNS (Spall at ion Neutron Source),

(1)

SNS-b
JL, 2000H1

^ - S ^ ^ 13^| $olu}. ISIS (Rutherford Appleton Lab, UK)^-

spallationoil ^*H # ^ ^ # ^-i>«H Ml^ ^ ^ ^ l U , O

^H^, *14 peak

-. ESS (European Spallation Source, EU), NSP

(Neutron Science Project, Japan) -§-£• o)gj% c] 3. ^ - ^ ^ . 5 .

5a^.U SNS7f 7 ^ e^>^l 3 * ) ^ ^ o H , H ^ ^ Vl^^r *]

^ ORNL (Oak Ridge National Laboratory)#

(Argonne, Brookhaven, Lawrence Berkeley, Los Alamos, and Oak Ridge)7f

Til,

7.30̂ gr SNS

SNS ̂ -^) 2,%S.o]r\. ̂ 1 *1 ^ A ^f^^: S 7.1331J-
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« 1020

1
x 1015

o

3 io10-

75

£ io5 -

X-10

CP-2
1

NRX

© /

l(
CP-'

TviTR

^ *

i

" " ' I 1 '

NRU
O

HFIR

HFBR

1 ' 1 1

ISIS -,
t l j LANSCE J|>*^

"ziNG-Pl ' P N S ^ ^ ^ ^ * ™ "

WN^VKENS

ZING-P

o Reactors
• Pulsed sources

i f r

"" i'

-

1930 1940 1950 1960 1970 1980 1990 2000

^L^j 7.29 S.S.

1996 1997 2001 2002 ' I - ' 2003 2004

Conceptual Design

; Design

Begin Site Preparation
; Building Construction

Accelerator Fabrication

Install Accelerator at the Site

System Testing - Accelerator Systems

; Accelerator Systems Cowmissioning

: i • Plant Commissioning {Beam on Target)

.':.....;. V . ;: '• • • .••••:• . •••• ' ' • ••••• ' : ' - , : ' • '••••-. • ••. - : ; P r o j e c t C o m p l e t i o n i

, .. :
; ; ' System Testing - Target and Research Instrument Systems

Fabrication/Installation- Target and Research Instrument' :;;.'; p p ^ g l ^ ^ ^
S y s t e m s ' . " '"'. ':' • ••' : : •'.•"' ;•'.•!. ' . • • • ; i • . , - < - ' — - • . - - • • •-.

' ' System TestingConventional FacilitiesSystem Testing-Conventional Facilities

H*& 7.30 SNS
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Ion source
I.B.VL

Accumulator ring

Artist's conceiition o( the SNS.

H^ 7.31 SNS

- 175 -



Pulse repetition rate (Hz)

Peak ion source H - current (mA)

Front-end efficiency {%)

Linac length (m)

Linac capture-acceleration efficiency {%)

Linac beam duty factor {%)

Linac final beam energy (GeV)

Accumulator ring circumference (m)

Ring controlled injection loss {%)

Ring orbit rotation time (ns)

Pulse length at ring injection (ns)

Kicker gap at ring injection (ns)

Ring filling fraction {%)

Number of injected turns

Ring filling time (ms)

Protons per pulse on target

Protons per second on target

Time average beam current on target (mA)

Target

Beam power on target (MW)

INITIAL

1.0 MW

60

35

>80

493

100

6

1.0

220.7

<4

841

546

295

65

1158

0.97

1.04 x 1014

6.3 x 1015

1.0

Hg

1.0

UPGRADE

TO 2.0 MW

70

2.08 x 1014

1.25 x 1016

2.0

2.0

S 7.13 SNS #*1 ^

(7J-) Ion Source

Lawrence Berkeley National Laboratory (LBNL)

ion source : H- ion

beam formation

control hardware

low-energy beam transport & acceleration system : up to 2. 5 MeV
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(i-f) Linac

Los Alamos National Laboratory (LANL)

acceleration : from 2.5 to 1000 million electron volts (1 GeV).

linac length : approximately 1500-feet-long

beam handling & diagnostic systems

(î f) Accumulator Ring

Brookhaven National Laboratory (BNL)

Role : bunching & intensifying ion beam

HnacoJHSJ ^ pulse^uf <$ 1000

pulse width : < 1 jusec

pulse repitition rate : 60 Hz

(BH Target (O.^ 7.32)

Oak Ridge National Laboratory (ORNL)

liquid mercury target

moderator : water

20 K ^

n^] 7.32 SNS target
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(nj-) Instrument

Argonne National Laboratory (ANL)

7.333+

H^I 7.33 SNS instruments

target station :

(water moderator; 27)1, 20 K hydrogen moderator; 27fl)

18 beam line
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(2) #*1
^ & 3 !- ̂lfe 10

&

Polymer

Disordered Material

Complex Fluid

(3)

Sl^I: 1,000 igoJH 2,000

SNS -ShS: instrument

d(|^o|uK 1996\1^1 7|£}S1 users Workshop on

Instrumentation Needs and Performance Metrics<HW

instrumentl-
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*}. ESS (European Spal la t ion Source), EU

(1) #*1

ISIS, LANSCE, IPNS ^ * ] rfl:#t£

171 - 2 X1017 n

cm"2 s

30tifl 7ov*> ^Jaf ̂ cfoj pulsed -g^^l-^l^. <H*> instrument#

^ ^ effective intensity gain^- ^

precise structure refinement of increasingly complex systems,

excitation spectra of more complex systems,

dynamics of quasi-crystals,

spectral studies of biomolecules

full polarization analysis

(separation of coherent and incoherent scattering; magnetism),

subtle effects in controlling the behaviour of new materials

(e.g. high Tc superconductors)

smaller differences in the technique of isotope substitution

(biology, biotechnology, Pharmaceuticals)
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extend the parameter space, i.e. more measurements possible with

variations in pressure, temperature, magnetic or electric field,

concentration etc., real time studies of chemical reactions,

structural and dynamic measurements of catalysis, kinetic processes

and materials behaviour under non-equilibrium conditions, industrial

process optimization,

inherently small samples such as a crack tip, small samples only

available (biomolecules; new materials; isotopically enriched

specimens), surfaces and interfaces, solutions at low concentrations

(important for studying biomolecular interactions)

very high pressure (25 GPa and beyond), extremely low temperatures (nK

to pK), stable only over a limited time, magnetic fields beyond 15

Tesla (can be obtained in pulsed mode only)

ESSfe 7l^£)£Ul, * H ^ 7 f e Austria: Belgium:

Czech Republic: Denmark: France: Germany: Hungary: Italy: Netherlands:

Norway: Poland: Russia: Spain: Sweden: Switzerland: United Kingdom: o|

1977 - 1984 ISIS 7 ^

1979 - 1985 National German Spallation Source SNQ

(Beam power : up to 5.5 MW)

1984 ISIS

1985 German SNQ

1990 CEC
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1991 - 1992 Joint initiative from Forschungszentrum Jurich and

Rutherford Appleton Laboratory (UK): ESS 7||^ ^ ^ Workshop

1993 ESS Scientific Council ^tJ

1993 - 1996 5 MW ESSofl r%# EU ^7} <g^- A] 4

Dec. 1996 ESS 2]# S.3.M

Vol I - The European Spallation Source

Vol II - The Scientific Case

Vol III - The Technical Study

1997 - 2001 ESS R&D Phase

ESS Accelerator

R&D work on Accelerator Components, at FZ Jurich

ESS Targets

R&D work on Materials Investigations, at FZ Jurich

R&D work on Nuclear Investigations on Spallation Sources, at FZ

Jurich

R&D work on Target Engineering, at FZ Jurich

ESS Instruments

R&D work on Simulation of Virtual Instruments, at HMI Berlin

R&D work on Single Crystal Diffraktometer on Spallation Sources,

at HMI Berlin

R&D work on Neutron-Spin-Echo-Spectroscopy on Spallation

Sources,

at FZ Jurich

R&D work on Multiplexing on Spallation Sources, at FZ Jurich
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(2)

accumulator ring

7.34-^ ESS %

7fl£] target station^.

. HH 7.35-b

HU 7.34 ESS
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1.334 GeV LINAC

ACHROMAT

BEAM OUMP

ACCUMULATOR
RINGS
<R=26.0m)

50 Hz TARGET

10 Hz TARGET

H ^ 7.35 ESS layout

ESS source

ESS source

50 HzS.

Target<Hl4

- # 3 5 MW;

pulse -^ 1 /us
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50 Hz target station<HM 5 MW ^

10 Hz target station<HM 1 MW ^

7.14-b

Accelerator (target^]*] *Q ̂ -^ : 5 MW)

Linac

Two

accumulato

r
rings

Two

target

stations

Beam Energy
Beam Power (Average)
Average/Peak Power
Repitition Rate
Beam Pulse Duration
Beam Duty Cycle
Length (75% filling factor)
Frequency of Parallel Operation
Number of circulating protons per

ring
Revolution Frequency
Bench Length at injection
Dual Harmonic RF System
Mean Radius
Beam Power
Energy per Proton
Time Structure per Proton Pulse
Energy Content of Proton Pulse
Repetition Rate
Proton Beam Dimension at Target

(Elliptical shape)

Target

Moderator

Reflector
Average Thermal Flux

Peak Thermal Neutron Flux"
Decay Time of Flux

1.334 GeV (H-)
5.1 MW
3.8/107 mA
50 Hz
2 x 0.6 ms
6.0 %
-710 m
50 Hz

2.34X1014

1.6714 MHz
0. 4 ys
h=l, h=2
26 m
4 or 5 MW 1MW
1.334 GeV
2 x 0.4 f/s
100 kJ
50 Hz 10 Hz

60 mm x 200 mm

Flowing mercury target

(Horizontal injection)
^•& H20 ^ J H 2

Pb, D20 ̂ }2|-

7 x 1014 n/cmzs

2 x 1017 n/cm2s
150 /is

&. 7.14 ESS
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target station^.^. ^TflSM &W1 ^ U f e 10 Hz/1 MW5.
^ 50 Hz/4 MW5

ISIS^ ^g^# «}^J-^S. ̂ ^ 5 | -f^x} instrument^
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Table 1 : Target Station 1 - High Frequency 50 Hz

a) Ambient High Resolution Moderator (9 Instruments)

Name

Id

2d

3d

Is

2s

3s

4s

5s

In

Description

High Intensity Powder Diffractometer

Liquids and Amorphous Diffractometer

Single Crystal Diffractometer

High Energy Chopper Spectrometer

Polarised High Energy Chopper Spectrometer

Electron Volt Spectrometer

Medium Energy Chopper Spectrometer

Molecular Spectrometer

Nuclear Physics Instrument

Length

15 m

10 m

10 m

10,6 m

10,4 m

15 m

10,3 m

15 m

50m

b) Cold High Resolution Moderator (15 Instruments)

Name

4d
5d

6d

7d

6s

7s

8s

9s

10s

11s

12s

le

2e

3e

2n

Description

Biology Diffractometer

High Pressure Powder Diffractometer

Special Environment Single Crystal Diffractometer

High Intensity Small Angle Scattering Instrument

Low Energy Chopper Spectrometer

Polarised Low Energy Chopper Spectrometer

Polarised Crystal Analyser SX Spectrometer

Crystal Monochromator Spectrometer

Multi-Chopper Low Energy Spectrometer

Near-Backscattering Spectrometer

Backscattering Spectrometer

Engineering Diffractometer

Engineering Diffractometer

Radiography and Tomography Instrument

Length

20 m

12 m

15 m

10 m

10,6 m

10,3 m

+ guide

10,2 m

15 m + guide

40 m + guide

15 m + guide

15 m

15 m

10, 30, 100 m

25 m

Ultra Cold Neutron Nuclear Physics Instrument 10 m
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Table 2 : Target Station 2 - Low Frequency 10 Hz

a) Cold High

Name

8d

9d

lOd

lid

13s

14s

15s

3n

b) Cold High

Name

12d

13d

14d

15d

16d

17d

18d

I9d

20d

16s

17s

18s

Intensity Moderator (8 Instruments)

Description

High Intensity Reflectometer

Chemistry Reflectometer

Small Angle Scattering Instrument

Length

10 m

15 m

20 m + Guide

Polarised Beam Small Angle Scattering Instrument 10 m

High Intensity Single Crystal Spectrometer 40 m + Guide

Polarisation Analysis Near-Backseattering Spectrometer

35 m + Guide

Spin Echo Spectrometer

Nuclear Physics Instrument

Resolution Moderator (12 Instruments)

Description

High Resolution Powder Diffractometer

12 m

20 m + Guide

Length

75m + Guide

Ultra High Resolution Powder Diffractometer 150 m + Guide

Polarised High Intensity Powder Diffractometer 10 m

Magnetic Powder Diffractometer

Liquides and Amorphous Diffractometer

Magnetic structures SX Diffractometer

Extreme Conditions Diffractometer

Physics Reflectometer

Small Q Diffractometer

Polarised Crystal Analyser SX Spectrometer

Backscattering Spectrometer

Molecular Spectrometer

50 m + Guide

25 m

20 m

40 m + Guide

15 m

20 m + Guide

40 m + Guide

90 m + Guide

25 m + Guide
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(2) oj-g-

71

Polymers and soft matter

Disordered materials

Structural materials chemistry

Chemical reactivity & molecular motions

Biology and biotechnology

Earth and environmental Sciences

Engineering

Condensed matter and materials physics

Fundamental neutron physics

Muon spectroscopy for condensed matter science and muon particle

physics

Neutrino studies

Radioactive nuclear beams

Irradiation for fusion materials research & development

Isotope production
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-fr^^l 177^$\ cflSLS. -7-^^i European Neutron Scattering

Association (ENSAHM ESSS] o)-g- program^

4,400 *§$] °\&x}7} $X^r ^ .5.5. <^l^f3. &-M, ESS ^ ^ 1 A S ESS
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°f. NSF(Neutron Science Project),

(1)

1.5 GeV 5 .3 mA 71J1M- J3. NSF

Atomic Energy Commission)^-

partitioning^f transmutation

1988^^1 3L&$\

^ OMEGA S S .

accelerator-driven

transmutation system^ tfl**

7h fission reactorl-

transmutation

RI beam, radio isotope production

^L^I7.36<HI

NSF71- 4<>V?i ^ojcK ^ 4 NSF-b aov

meson/muon production, spallation

^.5. o|-g-

NEUTRON SCATTERING
FACILITY

NUCLEAR TRANSMUTATION
& RADIATION EFFECT
FACILITY

PROTON STORAGE RINS

ASSEMBLING FACTORY

7.36 Conceptual Layout for Neutron Science Project
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OMEGA S S H

peak current, 10*31 duty factor# 7}*]^

7]gJW &°}ty transmutation

71 *1*H 3L&S- -51
Hc>7f|.S.

CWS upgrade^

bore size7l- ?]*\

J2. 1.5 GeV 100 mA

J^S. pulsed.

Ion
Source RFQ DTL

Energy[MeV] 100 126 160 204 273 362 512
pc 0.428 0.471 0.519 0.570 0.632 0.692 0.762

No.of Cavities
(total 284)

Length[m]

20

41

20 20 24

54

24

56

32

77

48

120
•690m-

parameter^

1500
0.923

96

254

-H.%! 7.37 Basic Parameters for Superconducting(SC) Accelerator

NSFi}

7.15«^fe NSF

1) the beam dynamic calculation including the high b linac.

2) the development of the negative ion source and the fabrication of

high power test models for CW-RFQ and CW-DTL.

3) the SC cavity development with the KEK electron SC group

4) the high intensity proton storage ring

5) high power RF source development.
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Energy

Accelerated particle

Beam current: 1st

stage;

2nd stage;

Low energy part

High energy part

Intermediate pulse

width

Chopping factor

1.5GeV

Negative and positive hydrogen ion

Pulse average 1mA, peak 16.7mA

(duration 2ms, repetition rate 50Hz)

CW maximum 5. 3mA

Pulse average 5.3mA, peak 30mA

RFQ, DTL/SDTL Normal-conducting linac: 200MHz

Super-conducting linac: 600MHz

400ns (interval 270ns)

S 7 . 1 5 A specification of the JAERI NSP-LINAC

Accelerated particle

Energy

Current

Emittance(rms)

Type

H -70keV

50mA

0.1 ;rmm. mrad

Single/multi-aperture

Volume type

Specification of Negative Ion Source

Current

Frequency

Peak field

Length

Pulse width

Synchronize phase

Wall loss(60%Q)

Pulse CW
0.07 2MeV

20 - 40mA

200MHz 1.65Ek

3.58m

6ms

-30°

325kW

Energy
0.07 2MeV

-7mA

200MHz 1.5Ek

3.91m

CW
-30°

300kW

Specifications of the RFQ
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Energy

Current

Frequency

Accelerating gradient

Synchronize phase

Number of cells

Length

Focus gradient

Total wall loss(70%Q)

DTL
2-50MeV

30mA

200MHz

1.5MV/m

-55° - -30°

179

50.2m

50.8-5.OT/m

3. 6MW

SDTL
50-100MeV

30mA

200MHz

1.5MV/m

-30°

85

47.8,

8.5-7.9T/m

2MW

Preliminary Specifications of CW-DTL/SDTL

Kinetic energy

Repetition frequency

Harmonic number

Revolution frequency

Circumference

Magnetic rigidity

Circulating current

Number of circulating protons

1.5 GeV

50 Hz

1

1.49 MHz

185.4 m

7.51 Tm

99.5 A

2.08xlO14 protons

Parameters for two 2.5 MW ring scheme
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KAPRA

tfl^^.5. KOMAC

1998\1 6-H 27<M KAPRA Workshop

e-mailS ^

. JE*V,

KAPRA

Neutron Science
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3*}

(KAPRA: Korea

Accelerator and Plasma Research Association) ^14^" ̂ H^"^

xj- 7\<£f7) (KOMAC: KOrea Multipurpose Accelerator Complex)

34
r̂ KOMAC

1. KOMAC o|̂ -/-§-g-̂ -o]:, -̂g-̂ -̂ g 4-g-
2. 4°J:4
3. "l-ems]- ^ ^ 7 l # " - 1 0 ^ ^ ̂  (KOMAC

4. "*H*]fe yo v4^" - Bop4^i^ ^^ 60 (1993)

1999^

A> 56-1
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(KAPRA'- Korea Accelerator and Plasma Research

Association)

°1 ^ ^ • e-mai 1: kangokiparagon. snu. ac. kr

Phone: 02-883-0904

Fax: 02-887-6327

^ -%~& • e-mail: fusion@plazal. snu. ac.kr

Phone: 02-883-0904

Fax: 02-887-6327
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*^^V&&* ol-8-* * « ^-^ ti^
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1-2

1-3

1-4

1-5

0-1

n-2

n-3

ni-i

IV-l

IV-2

IV-3
IV-4
W-5

V

VI

vn.

vn.

vn.

VI

VI

• 10 MeV o]sV

• 20 MeV
- 100 MeV

• 20 MeV O]AJ.

• 20 MeV
- 1 GeV

• 50 M e V ~ l
GeV, 1mA

?LA A<C& vB-8-

• 260 MeV, 1
mA

• 1 GeV

• 1 GeV, CW
"S^T-V >g 18mA
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Classification

1. Low Energy
(19.5%)

I I . MecSum Energy
(3.6%)

III. Isotope
Production (6.9%)

IV. High Flux
Neutron Production &
Application Facility
(25.2%)

V. Isotope
Separation Facility
(ISOU Isotope
Separator On Line)
(20.7%)

VI. Medical Science
Facility
(1.2%)

VII. High Energy
Proton Beam Facility
(17.2%)

YUI. Subcritteal
Reactor Utilization

(5.7%)

Utilization/Application Reid

Semiconductor Irradiation
for Electric Power

Explosives Detection

Plastic Surface Treatment
& Polymer Improvement
Portable Neutron
Radioqraphv
BNCT (Boron Neutron
Capture Therapy)
Aerospace Material
Development
TLAfThin Layer Activation)

Proton Radiography

Short-Lived New Medical
Isotope Production
Nuclear Fusion Furnace
Material Test
Nuclear Reactor material
Test
Neutron Cross Section
Measurement
Protein/DNA Structure
Research
Matter Property Research

Radiolsotope Utilization by
ISOL

Tumor Therapy by Proton
Beam

Fundamental Physics
Phenomenon Research

Material Test & Research

Muon-Catalyzed Nuclear
Fusion

Long-lived Nuclear Waste
Treatment Test

New Nuclear Energy
Production Facility Test by
Thorium

«ahi:S| sflgoii :EOIMX| ^gj
ol^gjoil °w £ffls#e| wsf

olS Radiographv
luB(n,a)'U reaction

steixHys sis ois*n j&nm
IQSH#£S 5rS*fe Radiography
9^*r 3i 2*r S£*rS!r2| SjBtg o|§
Rl <£#
20MeV Sia^rS U, Bea5|ol| 3EÂ KH
g?o||LHx| 10 MeV 0l*r£| S^x^Ah
£WM XH& J& S^^r ̂ A^ A|§

a«i)a/DNA ? = E <&=?•

s*ixw?m ois*h sg ma 94?

7im

Bragg Peak o|g, ijgfS S*r t a ^
^¥)0|| ^Swr0i 3EAh gJ2| X|SS2J

Pulse MSR S ? 5H S?q^ ° S

• pion: «t££| S?
• 2^E£| S&*t Ĵ

Positive Muon 0|g ggs| xf7|sj ^ a
a?
20lMx| gĴ PcB Ektasjoil ^gs) +,

Negative ^ S g DT ionic S^B § £

o|S, A^g#. »!£!SM jq|*|a|S ^

7^71 D|gj7i| AÎ HOII A|S
ES a s 7̂|CH| U-238 SlfSrOI
ea^ aisai s i fa i2%oi«jg gfct
-»Th-228 - • U-233,
Te208( S g » 233SS ajHS U-238S
S7f*KH MS)

No.

1-1

I-2

I-3

I-4

I-5

11-1

II-2

II-3

111-1

IV-1

IV-2

IV-3

IV-4

IV-5

V

VI

VII-1

VII-2

WI-3

yiif-i

HII-2

Results {%)
total, sub

2.2 (11.8)

KAERI

7.0 (35.3)

7.0 (35.3)

3.3 (17.6)

1.2 (33.3)

1.2 (33.3)

1.2 (33.3)

6.9

4.6 (18.2)

5.7 (22.7)

5.7 (22.7)

2.3 (9.1)

6.9 (27.3)

20.7

1.2

8.0 (45.7)

6.9 (40)

2.3 (13.3)

5.7

KAERI

Remarks

• £ 10 MeV

• 20 MeV
- 100 MeV

• a 20 MeV

• 20 MeV
- 1 GeV

•50 MeV
~ 1 GeV, 1mA
& Proposed by

User

• 260 MeV. !
1 mA

• 1 GeV

• 1 GeV,
CW, 18mA

Proton Beam

S.7.16 Possible Utilization/Application Fields of KOMAC
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17%

21%

I Medium Energy

• Isotope Production

• Hgh Flux Neutron Production &
Application

• Isotope
Separation(ISOUIsotope
Separator On Line)

ta Medical Science

24%

I Hgh Energy Proton Production

7.17 VI
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New Nuclear Energy
ProducSon Facility Test by

Thorium

Serriconductor Irradiation
for Electric Power

Explosives Detection

Long-Lived Nuclear Vteste
Treatrrent Test

Muon Catalyzed Nuclear
Fusion

Material Test & Research

Fundamental Physics
Phenorrenon Research

Tumor Therapy by Proton
Beam

Radiolsotope Utilization by
ISOL

Plastic Surface Treatment
& Pdyrrer Imprcven-ent

Portable Neutron
Radiography
BNCT( Boron Neutron

Capture Therapy)

_AeroSpace Material
Development

TLACThin Layer Activation)

Proton Radiography

Short-Lived New Medical
Isotope Production

Nuclear Fusion Furnace
Material Test

Nuclear Reactor Material
Test

Matter Property Research Neutron Cross Section
Measurement

Protein/DMA Structure
Research

It 7.18
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