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SUMMARY

I. Project Title

Development of the Beam Utilization/Application Technique

I1. 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, 100Mev, 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,

ll. 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

control technique

The definition of power semiconductor devices is based on blocking
voltage>100V and current rating>1A, 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 Rl’'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 Rl’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 pover
semiconductors., The following table shows the comparison of gold,
platinum, electron irradiation and proton irradiation for controlling

carrier lifetime in power semiconductors,

Contents Au Pt electron irradiation { proton irradiation
Trade-off excelient good medium excellent
T W exceltient good medium good
. spin coater, spin coater, electron
Equipment proton accelerator
furmnace furnace accelerator
source, source,
Control diffusion temp., |diffusion temp., energy, dose energy, dose
time time
Reliability medium(poor) | medium(poor) good good
Uniformity medium(poor) | medium{poor) good good
Temp.
dependence of very large large small small
leakage current
Temp.
dependence of small small large large
carrier lifetime
Recovery of 150 < (some) 150 “C(some)
ey no no 400 °C{most .
carrier lifetime 350 C(some)
defects recover)

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

devel opment 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, 7),

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

proton such as (n, 7 ), (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 "™Mo(p, pn)*Mo for Mo-99(Tc-99m) production

- Ga-67, T1-201, Co-57, 1-123

- PET nuclids such as C-11, N-13, 0-15, As-74
2nd stage CCDTL 100 MeV proton :

- T1-201, 1-123 can

- Using B, 2%U(p, £)%Mo 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

Li-7 | Li’(p,n)Be’ 1.88 ~10° ~30 - ~1300

H-3 H*(p, n)He® 1.02 ~10’ ~60 - ~2000
Sc-45 |Sc®(p,n)Ti* 2.91 ~10° ~10 - ~50

(2) Neutron application
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-
Neutron

Applications flux - o

ner e
(n/cm’, sec) BY ©

BNCT "
>10 epithermal o
(Boron Neutron Capture Therapy)

Movable Neutron Radiography >10° thermal CW
Movable Neutron Activation Analysis -* -* 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 10°
~ 10°Q/0 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, 1GeV(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 1°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 Rl 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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Flash, &3
GTO SMPS, UPS, Fan Controller, QIwE, ZAWE, &, REAo], oo, =
Thyristor | &34 o x|5pd AWHARX, &3 ALPH, AYAT(FACIS &)
- A%}-& : Relay/Solencid %, Z4HF7], RERLs, ALAA
Intelligent |~ T B3E : AWA}, RepFF(vindow, antenna, sun roof), ZHgH
’P}O‘ever‘ge“ & AntE A%, Solenoid 75(50|=, trunk release), Display
5, SEAo|
oo |- 7HE L WCR, COP, LOP, TV, Audio, ololE, ¥R, Wi
Smart Poper |~ 208 BAAABL7] £A9]X], Cross Point £¢9|%], AF}7E AW
oo |- dllelet Ml : AFE W ¥ FA717] Ad(Hard Disk, Ze, Hi}
7], SAde §)




(W) AR Eop wdio|

Aty 1950 [ 1960 | 1970]1980] 1990 | 2000
o FA -——-—- 0A ----- HA --—- HE
A [BAHE BRAA AR ZH A FFEER
z A2AZy] ZAAANY NC Z2}7] A
5 |ErerEel 2Fae]
 [asiae 2934
L7, AR HBAH
AYA A HEA
A= | pacts
) HVDC %3
- VDC %
oy
. AC & DC RE}A
o <&FAR . A | A (Ups, SPS)
- sof| U x|, =} Aoty HA 1}19)7)&
s EA o] 7] &5} ==
< *OAzﬂ» E}?ﬂk, 2E 2E&EAAE Z]‘&’]-ﬁ
£ sl H7 A7d, ANAEA
of ZEA | TV, HDTV, Ax}ehxz]
AR | Audio, o|olE, WA
of £ 2 Euo]Ad
¥ gyERYL |
vl AMIut=A Atdo] #Hgz A

(1).

AAS0.0] B} A

1-

Aevte = AN vteAAAe] 10.1%( ‘96)& F-Rstal 9lew, ufd 7
A=}2} [PMs: 10%, Smart Power ICst @F 20% A= AASI gjth



(Dataquest ‘96 Tt Wnty)

AGR | AGR
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | oo, | oo
Power Total | 10,55| 12,50| 14, 28| 15,76| 16, 98| 18,84| 20,91| 23,09| 11.7 | 10.0
Total 9,084] 10, 75| 12,28| 13,49| 14,38| 15,85| 17,46| 19,11) 11.2] 9.1
Discrete
, 5,202| 6,286| 7,307 8,132| 8,747 9,720| 10,71 11,81| 13.4| 9.8
Transistor

S/8 Tr. | 2,145| 2,520{ 2,870 3,041| 3,083| 3,212| 3,539) 3,729| 12.3| 5.2
Bip. Powerj 1,854| 2,319| 2,388| 2,590{ 2,707| 2,951} 3,052| 3,141} 6.1 4.9
MOSFET | 1,094| 1,470| 1,812| 2,168| 2,503} 2,982| 3,385| 3,917} 27.8| 15.9
IGBT 109] 158 238] 332| 454 575 734;1,027(47.732.6

Diode 2,685!3,0503,352|3,570(3,739(4,015{4,424/4,741| 8.4| 7.3
Thyristor 696/ 790 909) 972/1,006{1,063/1,172|1,249 8.4 6.5

Others 501 632 720 822{ 896{1,052{1,160(1,306] 8.0 12.3
Total Power

1,475| 1,750| 1,995| 2,265 2,600} 2,990| 3,449| 3,981| 14.8| 15.1

IC

G/P Power 776 900{ 1,015/ 1,125| 1,250| 1,390/ 1,561{1,753| 11.3|11.7
Smart 699 850 980| 1,140 1,350( 1,600} 1,888 2,228| 19.2|18.2
Power

Total

Semiconductor | 85,5 11,10911,3581,5601,761 {2,02812,342)2,674/22.8 |14.4
{100M$)

Power Ratio(%)| 12,3 |11,3|10,510.1( 9.6 { 9.3 | 8.9 | 8.6 {-9.1|-3.9

(2) +238% 8

b FRAANY AEE, P LA 8, o= d et o3}
b AMEAHsE

(th 7HdAES 27153

(b AZIF3HE, A, 24334, Z3d HE=Y dHEH
(uh) =2HsAte] AFA O, ArzbeAte] &3t

(Hh FAAAR A, A%, LAdd §) AWE

(Ah UL 233w ALAES

(eh 4td-8 ALAA 2053

FhH BEFAZA ALY AdwEF

(Zh == A ZHAEERAEY], A7EE 5) BT



(3) 8 BAAAY FAHAY A& (<Hel: %, 19934)

AYNEA Fole dETIHS AAANZS Fodsta glen, REE
2t, IR, &< Bol o1& F33ta ov Aot 53] vh&F naugAxt
8 Z3 AMAAZL 505 o[4S dEol FNsL ey JleFd $HE

g e 2 etdt O SR & FAE Ao ZzHr}
(WSTS, ’94 Data Questof 2&}%})

AALol IGBT, Diode, 1
Sl A BJT MOSFET | Thyristor 4l
Toshiba 12.4 14.6(1) 6.8(3) 9.5(2) | IGBT(2)
Motorola 11.6 12.5(2) 9.3(2) 8.3(3)
NEC 7.0 7.4(4) 5.7(5) 3.0
SGS-Thomson 6.7 8.0(3) 3.4
Hitachi 6.1 5.9(5) 6.7(4) 9.9(1) IGBT(1)
IR 5.7 20.4(1) 1.7 IGBT(4)
Sanken 4.9 5.5(6) 4.8(7)
Fuji 4.5 4.8(8) 3.7(10) 5.2(6) IGBT(5)
Matsushita 4.4 5.0(7) 4.1(9)
Philiphs 3.7 4.1(9) 7.6(5)
Rohm 4.0(10) 3.9(10)
Siliconix 5.7(8)
Fusitsu 4.6(7)
Harris 4.6(7) IGBT(7)
Samsung 3.7(9) MOSFET
GEC 7.9(4)
Shidenken 4.8(7)
Mitsubishi IGBT(2)
Eupec IGBT(8)
7| E} 33.0 28.2 28.8 21.0
3 1, E3UE &5 AHee

. BJT = Bipolar Junction Transistor

. MOSFET = Metal-Oxide-Semiconductor Field Effect Transistor

1

2

3. IGBT = Insulated-Gate Bipolar Transistor

4

5. A2 MOSFETRE A4, IGBTE A|AIE &3lehA.



(%) B& &
T lalhpi
G2 | SS9 | €9 | 19| 6¢ |[26G]96I8G|FS: (9FHE vkl

1°GT | 8°€l | 2791 | 8°%1 | 9°11 |2°F1|€°91 1°02| -

00S'T| 8IE'T| 61 1| 200°T| 868 | 008 | 889 | €46 - (R kE
(Fr/%) 0002 | 66 86 L6 96, | 66 | ¥6, | €6, &lxihe
%{c% I 4 4 ’ rs R 4 , 1
" &ivhe

ae Tieh lexil {cx2lk B
Pl ko2 i ki o 'lnTE Tle2bk ikt &k IATIeklk
Eix¥ &£8F 4R hRT 16 Tlekl a5 Rp E ke? BRI
ol krleBRST 201 Tl Slelakr000Z krlem& %6 XlvkiE =&
mwe &L ks STLElY Blhe Res. miels leog6, 1senD ®ied (oSISH
i fTER BEHheE (



(5) A FuUAIY FRE(%, 1993d).

U AdAab7ire] 3efew FuAIRY] iR gl HelF gl
ch. 53] dEZgAel chgt &4l A, A2 Zled id S & 4F
AlF1aL ot Aol ZH9 power IC2} MOSFET W 7}A & bipolar
transistor?d] g L& AAbslI Qict

(u]= IRALSY] AR)

A . 1GBT, Diode,
gt AE A BJ1 MOSFET | Thyristor Ml 5
Fuji 12.5 16.5(2) | 30.5(1) | 11.4(4) (IGBT ZA
Sanrex 11.5 19.4(1) 9.5(4) 12.5(3) |48 1A
IR 7.0 8.5(5) 10.5(5) |MOSFET 7}#&
Mitsubishi 6.5 8.0(4) 9.8(3) 13.4(2) |Atolg]jAay] 734
GEC 6.0 5.9(6) 6.5(6) | 17.9(1) |Hd-8& 6T0 4
Toshiba 5.5 9.5(3) | 11.4(2) 9.0(6) [MOSFET 7}&
Semicron 5.0 7.5(5) 8.8(7) |Diode Z4A
Hi tachi 4.5 5.0(8) 3.0(10) 5.2(8)
ABB 4.0 3.5(9) A7IMEE
Philiphs 3.5 4.5(9)
Motorola 4.0(10) 3.5(9)
Sanyo 45.5(7) 5.5(7) A BIT 23
SGS-Thomson 4.0(8) 100A o}3}
Westcode 2.5(10)
71 E} 34. 14. 7.8

0 2
HlaL 3 2 F5E AAE e
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et =i Ay 8%

= g | BEAR g 4 o W%
BT AR 720l
NTD vafer E? ':—Hﬁf} 85 |20 %1 AzAde AA
71e} & dE,
e Bu mas| B @
A 7124 A 100
Ag | ST HF | 4T o | %
HEE | ks
3 Az S5 e 100 | g0 [HESHN 77Ol 2
ol T A
2 | o
23 | g AT 100 |10
Z AP
I we  [OEa
T
Z;:Z LB3L =) LW ]
mﬂg;g S g5 |40 |2F A8
=3 bl
A% =
_ &% 2E
(disc®) (gg};ég;&ﬂ g]'ﬁ) A 100 40 |packageZ]| < 7)o
A 7R BB
EXIE 35 90 |30
(1) ==

Power IC, MOSFET Fo}8] dF7-7iwto] iksta IGBTEol= ZA=o| gl
th ZA/gs Eobd dF-E GEY A=A EolY AYPEIIE AA
o7 ARyl mjefsiy, cthib MCTREoko] tigt Jlae2 713 oA Qe Ao
2 AZHA), AddE= F2 RPI, NCSU Sollq F=¥ 3 gl

- 11 -



(2) 4=

A 2obell tisiA Jhd BEYE AFHEFTS ol glow, ZFAY =yl
718 FHojurh AY/EY Sobe AAYLE Jes Axstn ds A
ot §3] 7Sl st A7 FEHa 9t

(3) 74

tfR2/ A A8l -9, Eupec(AEG+Siemens), ABB, GEC So] F&o0]
Elo] o]Fortal glon F -4 £ FRoE= &, REESHSRH) &
of A& HKElL Qrh. i 7§ 2929 wFof, ZyfA gLl
T U2 9F& 3ta qrh
(4) 2jrote}t T/

AAdE d¥7eRokddA vFx AE T¥ F¥€E /A ddxw
90ty o] Foll= AFINUol ALY FH Aefoitt. AFI|RSEE Ao}
AUAI AT, olfuEEIedAT4L To| Jdon, JIYAEE ULHE
o= el Alote] Electropromitels 3AYA, F -4 &FY FFe =
HI| A8 QaurkAbs S7HGA] Fol olout, Al AUAAY 3138 A
= A ciAoltt, gy AFE 2% NI RE S5 2= wpoid

AFe Ao R o2 ZuldA $£BstaL gloy, AAFE HIol H

A =shal girh

_12_



A28 AYPEA olFA +FA J&

[
X
o

AYRbEA] 42} 49 oA S A WHLEE Au, PtEY
2E%S A2l bulkd FHAAIZALEZH oYz M= ol deep level
FEAAN ALY, AXMA Al A3 AEE /7] B @A argon
5 ol2Fel 2%t AxIAY f7)ol A olER £ T AE B
A 2913 AIZE Ajde] JHssith [2] . whebd Axpe] HA TRt AME-SL
E AEEEY HFHIL o|FolA ok st=ul, GI0, Alo|e|AE T &
AAtet 2ol FiUES o= M) HYE LAY FE- oldA £HE 2
23208 AofdlA] U4 AAVIEe VRAEE Hshke 2903 ARE &7
o/t A o|EA $HE RFIE AL 439 B 54 AR
trade-of f UAIE Lefsjof ¥t Wt oz A9 Azto] wi=A Aol H]
T AYAsiet FAHAAR FUE Xk Uy AYAI LA
AR} 9 FFo| deep levelo] &3] A|AE ] =7t 7437 wiEelH,
5 F7H= deep leveldll 2%t AQAFL F7toll 7RISt uletA
Ust XA T2 AR HAdoA trade-of fE L83l % A<
dE ZHo| Hr|eoltt. Ho|Fgeol &t o|4R} +18 Aor|e2

olu] oI EUHA ZlEo|Aqt FudEs KA Jexly] Al
t =dsix] 23t Aelojtt. =¥ wrl AUt AHolE s AxpdzAL
o At R Jled FHEo] HFHo|m, AXI  ZAH(electron
irradiation)& 4X}ell &3l FAofol o]&3t= AP-Z 70drfe &
AA 02 o|Fojx] 80dAUFE|E utEH J|go|th. AR ZAPPHLE A
Y& Lzl F2 AEEHI gt AXAH FAbe AEE AAE HIAA
deep levelS HA3l7] wiFol 4= MeVe] o]Are] 31 olux|7} Wesich o
g3 2 oyREs AelE A3 NY ZAAU A= A ZRE AdeE 4=t
g ¥l A X8|Y ZA¥Y(vacancy)2}t HUP ZA¥(interstitials)S B
gt o]yt o2 FAtl uo olyR] EHE R = oA

o

—

1 flo X

- 13 -



trap center® Zhg-%tch A=A ZAb] AL LAA|Rlo] URH o] Fo
2203 AZke] Aoz} FHsstal, A} Aol FHeolwt Heoly, whF e

= T o|$AF F4Y(high level injection) W3} 44 o]z} F
(low level injection) lifetime®] H|{( zw/ z0)7} Ho]2<&(Au, Pt)of |3}
o ZAEY o]t tfAF EzAo trade-offe] Ea|slA zHLgich =g
AxP Zabe] s {718 AAAY] HoZ EASHI| ufFEoll Alztel w
gt &Ee] 2ol RASHA A9 A Zto] HMEE U 53] 150C 0|44
2xoMe Azigt EAE fudich. 28y ol$xt £EE A Ao
T+ 9lonm 427t wEOZ thEol Helrt JHestEE HYE HtEA 43}
of 71& ol AMEEE Zlgolth AAE ZRAs S5HI FA|7F "WAsiy
Van de Graff-type HR}7}G7]1& o] -€3t ARLE ZAMAZITh AAPIHEG of
Uzl dutEel of AL Lxlo M= 2MeV~TMeV Alo]& 71& Ho] o] &
sl n 3o T 50~100im o wiells 3MeVZl 713 URbE o2 o&H
th.  ARRA FAFL radt=E ©HE ARSI duiyey
Mrad(mega-rad)& FY3lokt f27t Q= 2R a8 gl Proton F
Ao A= AR RARY} fARE BA¥E JAIUL, BAzEA] B 2w
o HAd ALY ZAE B 4 FRHE iR AL veiyc
[3,4,56] . proton F¢lo] Az|Ze AHAAATE R7I3le] deep level& ¥
Aok Aol Axpd ZAbt AL fAbshu 23 20 ol e o] =)
7} F94H o] Ao 5EsA w42 AYE FFFHLE P FAS
1A AL itk o] dY-S =t £ ZALY 4 m olfoln] o] HY o]g
o] ZA¥s Bl "Rl @ o AFE R olfdt Ho] A=A x4}
RBUle 9% BE4& JIXEH k= Q4] Hy F73U A R7ldd ¢
3] trade-off HAdo] AApd A} Hrh divh =t Yol cist A¥
2 u|22] GERtollA 1986 ‘A=l IGBTo] &3t o7} gl o= i
2 GTO Aloj2|AEo] AdH o2 A&3la glth

- 14 -



electron

Penetration Depth

-

—

o

1 2.1 At @A 2ol o8 BF Zol54

A¥ Thyristorsi= &3], AFPA |42l AWE, FI¢= U7 Fo d
gl o] &= EALRAloth o FEA]| o]& FollA “on” AefollA] Toff”
ZElE £9F 27 g welof ste, & &% Aol B2 o] ul
$3sict. ag AH Y2 oleA Effolu} AAY MEHE USolN B
28] 4g olEA £BE Eolv AU, o] FF &WW AUAINE Fo
2:91% A& #ASE] sl AEFHI Ao Effolyt AAY AEE
tgo] Folof dt=d] A AEEHE= F =¢Bolut A A YHS E
e 9AE A3 Aol + Qlrke= EAFl girh ool thsto =t
o= 8] HEE Ao] 2 Thyristors UE= WS AFET 29 2,104
VHOoZHY Eol2 4= U2 ¢ «¢Fuly HhE TSt Lo
2ED QA ZAEG, AEZE AT Al 4R Bl ZAEES A
"ol WALt Profile Shapere F 7§8] TIE FAE ¥ o= A Y
T2 &AW F 7R thE Rl Sl 8= ZARE AA shrl s ol
A oy W& d 5 o= A dxtolrt, a9 2,28 Bu gAgA}
F27t T}E Profile Shaper& THY th ouz] &4 X7t A3t
o] ¢ FEE TR U2 o 72 oA He &Aool Yo,

3

o

—

°

5 rfo
n
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AL s T HE duyzx] &4do] wolx T3 23049} Zo] A
2t 77k 3toll ¥l 49E& wET oo} o] & A9H ThyristorE
Azt 2L oldAA oA 3Pt ¥ XA} Jle& ol &3t (7] .
oluf HR3t A= W oUYR|E= 1 ~ 10MeV BEo|3, ZA}Aake 101 ~
10"/cn’o] 22 RFQ, DIL 7}47]18 Wy Fgstd, Al 4xE tgog
Az 4 Q& ZALe=E Z|ciHr).

le 5
h 20ft ”| Collimator
N
Scattering —.l
Foil E%
Motor Manual
© Knob
Rotating Profile Sample Wheel
Shaper with Devices

%! 2.2 Sketch of Experimental Arrangement

- 16 -



Proton
Beam

y Profile Shaper Rotating with
Respect to the Proton Beam

13 2.3 Sketch of Profile Shaper

2. 71=%%
7h =8 Bf
(1) o=

AE2 BALFE AYU=A £xEope] AdFo=2H LAkl A
¥ tiolex, ulo|Eel WY EMx|LAE, ¥ MOSFET, IGBTS MYE =
EModule)HF W AHHHHE T AFUEA AA|ZopllAM HAF e
& FE3ta gl 53] AYRteA 2] E4AE flste] A=xpd 2APEA,
FA 7147 & ol8¥ oA A Ve AT I oA glen,
22 &S W& GT0 Alo]e|iB Lxlo] §4at =A|eS &3¢ ¥t
dth A& el Axpd W GYAE ATHLE AP F& TRl &1

=R, ulzu|Agle] the Qlch,

- 17 -



(2) ol=

u| 2 2] BPE}]] o] A& tf§-&o] Micro Processor, WRza|, FE3 ut
=4 Bl FY3te BYLE 3 T oklAs A vl ti4 HA
L, AA GE TollA ¥ AN 77l dFE 7122 NCSU, RPI
=9 '5_}'71]9,]- HME Autxx] 3F|xlel HARRIS, SPCO, IR(International
Rectifier) 5& F4HLZE Tl}st o]l4R B o7|las d73 $ton,
Hapd g °§’§Z]' 7}47) AMul& AER7} T ol

) Fd

S8e S xcje] vteA ALl TabAo] SGS-Tomson(SGS 2} Thomson CSF
At2te] §HEAN I S EUPEC(EQ AEGARe} =|wiAobe] 3bzt3]al) W ABB
g 4o d3sia 9oy, FHHY A MR, EFU=E FHoT A

ARd, B3=E ol AL T2 TR ol$A A eSS APt gl
ct.

) BjAjob & F=F

?—1*1 He VEI, loffe d74£E FH2E HAPd o 4= 2APeS
A7t glen, AxPd 2APZIe thEW FYUEA AZd HJAHoR
o]-&3l3 gt F5¢ ZF-F Mt AYAAAFTLE FAHLE &Y Y
A Y] 54%EE 28 WA ZADIES ol$A FHAlNYHLR
SR R
v Sue A

AU S4Rael WEHQA olgxt +3A0i7¢ A7 AR, of
g Q% J|Qel Hol@4(Au, Pt)E ol 8T ol%at Aol WHE A7
% Ayl A%

- 18 -



th Fug 71e4E 2

3 2] 314=5(100) Aot = Bl 5
=

HolZ% | & 0= .

sy | 5o, mas | 10 S G
o] %=}
4=t = Az}
FRA ou-l:].z,\]. ¢.=_l-}i':,n[—.'2,'- 100 10

° .| BY =

7l&

3. 38 JleAN¥
7t =8 B¥
(1) A=} ZAHelectron irradiation)
80 dTH o] FRE AIREEAL] o|Fxl +PAlE A AHEFH] &o
o, #Hzi AUeAE B4, APt fFEY IUtA AddHes AL

(2)3Ad =z} ZAH proton irradiation)

2 Sold WU ATHR Y& Bop, IR olEx} +@Ao|7}
7Hs8kR, AXIEA 7] trade-off 7 EIIE TS whHoll ul3fA $-4=31
7] wfEel FAarEFel ALY £ e Jleo] HEEHYE HAIYRi=A Y o|F
2 Aol FEER AHEE Zeg 7vh™ch 1986 GEollA IGBT £
Zioll g3t o7t UEH v} Qlal, o= th&3 GI0 Alo]iE o] EA|
vl A A ow ALy AFS YRSt Tt

it

(3) ol%at @Al 7}
wed 2t B4 4 9% e 403 B oREe u
Al B Jlgdo] AAHLE olFat 48 WrIES Husia glon, A

- 19 -



A W 2H7e Bl BE&3la Q. 53] njE, dE, 3l SolM 4
A& olEAt 8 FHAUE AEste A7tE shsta dEd, vy A
B3 A Fol FHAAE EYUSlY 208tE A== shofiE 2 Qch. w|Fe] H
T FEY A4, kA AA, HAA e FFEE P23 AFE S
3, <UEL RRT(Reverse Recovery Transient), photo-conduction,
microwave reflection ¥ T, TR WYY o|&xt +% FAH7/ e
&3l glon, o =AlHl FollA AIPRteA L2 M-S ¢S o
AP & 5 A &3l 44 oldA 8 W e olEA £HE F

Hote e A7 Atk

He

2
3,

He
rr

SRENER T
(1) A=A} ZAHelectron irradiation)

FHZ A7 AT &0l 2500 V, 1500 A & AQ9H alol@|AE o] A
APl 2271 A &3 AYol dlon, AN JIYelA HIteA AFE
i L AujL Adete] EEiM HAPd RS st U= AEE,
Hi7le HEE AT AAZA dFE ol FAAA 4z 2tk

(2) o¥A =} Z A} proton irradiation)

o]
AT A Y] o]FA F+HAE ¥ BEA 2AME ¥ M7} QiTh

(3) ol&=t 43 Bt
AN PRYLT AT
A7 A4y F=o AAA A7

3|

Adert, HIteA L2 E/4H Tl

ox
ol
L
£
in)

th 71&o ALHE Ve
HolF<(Au, Pt) Hatoll 2%t o|Fxl A7 Deep levelS B4
= MolF40 2 Au, Pt7} ARbH O ALRHTL olF Ho|FH2 =}

FZAA d-A=E 7R U Aol FAHoln, o] A= spin 2t FHA

fr

- 920 -



gl ] Al A UFeAY gl ekt o]&2 AeElE vix
A odzx] FA|thY o] EeE EHE ¥APsH, 53 JAEES
(intrinsic level) -*| o] deep level & FAst= o Uutzy ez oux| W
=78 foll Ev+0.35eV, Ec-0.542] oz EHE A ol 4=
trap centerg B3l Thy o]4AEY killerE2H QS A Hrl ol&
< _.,z}.,] 290% 544 ool Bl Fdof ¢tFEL2 F¥E ulH £ 9l
2% o4 sxAofsl titts] Fosith Aty oz HolF%(Au) FH
2 -2 2A TR whde] gl Al fold ol Au FE& o
She WhHogH, ojuf doly ojHe] tlE ez 93 e A& AAS
7] %13l horning E= grindingS AA|gcl, FHxy vwhioe gl A3zt
dgo ©rtM dAelE Frh Mos X FHF= EHAMEL uff- FL512
2 3d =¥ R} o|d EXRHol #&sith WE(Pt)Y o= F
(Au)®] Zf-2t A BSE 3lm, deep level2 oUx] W= fof
Ev+0.42eV, Ec-0.32 & oY= E2& 7| &= d 24 Zf-Eco} JA4EH
4 7127) afEel trap center®H 8] AL WolX|X|nt &y AUt
AR, 254 BoA FErl Felsith WFe Ffoles FHol 71
5517] w ol dEhFAE o &¥ich

et JidE<d Jls
(1) o]& ZA}Hion irradiation) W Zlu}d(gamma ray) RA}7|<=

HE Y= (He™ )2t 22 U}l alpha particle)E ©]&&t o|$A}
WA &S WA Zake] NP TR Sl st A
2} ZAbe] A9xTh vt AYF-R(vacancy-related defects)E LERY
o, AX}o] EA7HY] trade-off AXMA2A7} 43 RAes wIAET Qr}
Ztupde] ZAL-= FEo]l wold ABUol FdsiAl A¥E HEAFIH,
tig ZA7t 7he et 3ol glth
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ut. 7]=3 37t

ARG gl YR ZAbll &3t AYRtEA Y o|FAl A Jed A

Z AR F B oflel A7 EEH MEl e SR H YedAE A&
o] 7hHe3ta, H4E ulF7l A ¥H A 8H 4LAlo] thsiA AgH
g3le A = JHsdh, Aol wtHAYA] X3tH ZiKirradiation)zpy
oA WAH AYE A e (AR =AY 7§ 400 °C o] ) E AASIL
Tl $38% 4 gle ™ol dth Zeu oy Ai7l, A e 4
I, AR o EA47tY] trade-off, —¢—E=,—’3 Fol #F A7t Hest
th. & 3of g2 FLEHI Q= olgA FRAYHY FAHE vl &
tl.
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Table2. 1

Comparison of Gold,

Platinum,

Electron

irradiation,

and

Proton irradiation for Controlling Carrier lifetime in Power

Semiconductors
Contents Au Pt .elegtrqn . prqtoq
irradiation irradiation
Trade-of f excellent good medium excellent
Ty TL excellent good medium good
. . van de graff
. spin coater, {spin coater, .
Equipment type electronjion accelerator
furnace furnace
accelerator
source, source,
Control diffusion diffusion |energy, dose| energy, dose
temp.,, time | temp., time
Reliability |medium(poor ) |medium{poor) good good
Uniformity [medium{(poor)medium{poor) good good
Temp,
dependence
11
of leakage very large large sma sma]l
current
Temp.
depende?ce small small large large
of carrier
lifetime
Recovery of 150 "C(some)
carriir o o 400 C(most (150 C(some)
A defects 350 C(some)
lifetime
recover)
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ob. ZAH H7t

AAP ZA|a2 At 300 A &317] fda, HolFL FHald
o|FAt Aol el ulsiA FPo| s, Gl L3 i
of Z|&8] Holg% i Hrl FAGHAMNE felstns daf g
AYU=A Lxfoll FHEER Qv A 2AIeS a2t B4
trade-off 7§41 HI7} F3iA WA AR f &Y LAl FEFHL 9o
o, GtE Zleside] MR Qv oo Wy FulL FriHes
=5te] FTEE U 714 T SAARYYY SHAMRE &
glg Zew wichdry

le

o o &

ab 71gl nlA e Skt

AYEal 71 A B APAUel WEHA ogxt +Ae] ©
BAAES BRPLEH T FYUEA ) VAR Y B ATAY
EEE Y 4 AL Wetd APAAE o] IFUE shE DAY
o FAAEY Pl 7l ReE Flhwrt

of. A&
A 22 o)At 4 S N R E
sl7] 9% ARtz RAY AWI|&e the Yok

o%.
o
2
.
X,

(1) dg+= 3y

AR e @GR Al s UAEE AU A¥TE 3.
A slolso] AXMI ZALE ¥ 9 AR FRE AAFLE w2 o
T7tE o] oy, FARE ZARY Bt ZETRI B diEdd ®
2] s A3 Fol gt BEE 24 3u| 2= DLTS(Deep Level Transient
Spectrometer )7} ©o]-&F L glvh A¥UFTRE MEEA &2 HAAA], o|EAHY
Ao AU ¥, FHY HAAE ¢6lM A LAEAE &2

¢

%
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EQoje] olagt A¥F R AT FRE o]&8Y = URF sH= FAo] 9l
t}l.
{2) Annealing 7|= 3

A gl FPAHE REEA| Axlol] A o £F/2 Age] AUA
Hed, dAYutey 4xte] FL 53 Fo| FRFos 227 A A
5 A2 4Agdcth opebA olE3t Fp- Atz FAo] HIA HE
2 A2 Alg e EA7E A71A Hcoh omeld HHE Le(HAbd =AL
o 7% 200 - 400 C)ollA ule] annealings A A 2olA HEFI] &
AYE AAS FoloF jirl

(3) ol&=} 7 B77le

RIEA] £212] olgAl £HE FH3| Frste AL 428 AA W A
Z3H ¢ wi¢ Fo3I, EZ o|FAl eRPACIe AT HEFF
l 43of A Jleolth

(4) HE=A] A=too] F &AL

AP W A ZA|eS HFHLE Aol UEH H Ere TIIA
Zele] Axjoll thsiA F-Eo] 7hed FHol ol7] wige AAYLE Y
3] &5 gk oepA AFHEH L2108 FRFel mE 2zt 5439
trade-off& 78l Zlo] AAHA F-Eof vf¢ Fasl)

olglol =} ofuix] A7l W ZAlate] ME SHAT, oldx} £ &
E54AT, TR o4 £RAC Y& FE Wey A7l
4 AE

AYutea olgx $HAol ANEY BAHAHNEY, FHHF, 2
£54), A4 Qe AR WE ojfal 4+ BMlAle]), B
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78 2t8] Trade-o-OffYAH(Z-AUT), BAAL e AAV|E HE Fo "o
¢ 71eR AR dYRtEAL P9 (MeV, mA)Fe] & &A= 7H4717)
oy
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pp685-688, 1977

(3] D. Silber, E.D. Nowak, W Wondrak, B. Thomas, H. Berg, IEDM
Technical digest, pp.162-165, 1985,

(4] W. Wondrak, W .D. Nowak and B, Thomas, Proceeding of ISPSD’88,
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No. 6, June, 1995,
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1756(1983).
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H 3 & X2 2 H5as SXFX

147

A AA vld=Eo] e id A= 7o 19 1387 sl &dspy zt=
o] Hf{sta e ZIEIE % 29 7Hi FAt=Ea ol ofd = # Y Az
AHEE THE A F700 Bl &4 "ol njdd XFE AAsET
W2 &~ =F 1AAF $1,000- 2 HFFo] WEA =, ©FA} ol
S A dg E A7 = ok A e 12 Axpel] it
Polate 2 F2 AMEHIA, 23 il Fods AA] B Ao F
&3] AMg WETL FUtEO] F £33 H§ 2.29 i, H5do] 0.89 A,
oj=o] 0.17¢ 78] i 2 2& AHERE vl gk 53] 6.25 Aol H
b date] 38.1%7F 2 =ell s mAA ul glrt. AZHeA ojelIe o
H dAo] thd W A A E PR AMESIgaL, #H2 HETjol, X
2ujol, mxh|a, ofFel, &uejol, oleta, ofZFhLR, FHW T =
Aol 227t e ® vjdER gt AAx ofd¥o] AAFES €A
2EL gith. HETel, oFel, TFHE T 62Tl WHo] B Fol
= A7 AA=HA ¢ glo] U I EE, AFHF % FA A
Az Aol gQlo] Ha glrth. fdl FAl st XF= AAAA Tl
A A2 ¥ R AMFAZE vid 708 HE @A=L g, o] Jhedl
20%7} 1541 uiRte] ofglojolm 53| HrT]olME =l 2308 T § ol
222 A3 FAAL thd Ao ekt 82 fErole] F-¢ 35,000
H A7l vielzt &Rl A Aoprta gk, UAE Ax ole EaAu ol EY
3 3t A EE HAETL AR A FAAY & 3 FAH
FE A o o2 glvh 33 3-12 HAAY Aol ¥ 3]s
dFE HoErt
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23 3-1. AAAL A v WY

olgjgt o]-{f= wulqtol 70d) XFE =g 9 FH|EY F koA
T RapHE AdE 2dste 490 vdEF Folo ot FAHF #alol &
olA|H A o]’ F7]o FAE T FAPAYl FI& FAHLE AN
om O Az} cCW Fefo] 1982 AR E QT E3I] 1990d]E So] oA
thlA 8l & FAIlof jthe &0 FAHHLE FULSHA =4=7] A%
Fom, ofd XF A& FAE FHRE OV Fob AP A7} 1996 54
A=At 2eu A oz AF IE WA= ulEsict
SLomichgl sfivict, eAEgjof & MY AAFES i AHE FFISH
A% FA g A =Hgew, 7 Az 19%6d 11 | FH oA
= A ¥ 253 Add¥ A& FIse Z¢E 141:10 BER
Afstdet. 2t 2E At @ 22 F2 IR v, Aol FF,
AdE, Ax, oliztd Fo| thd A F AHIA] Heofofl Tt AR U7
ol AEAdol W& 2lFo| A7IF gl

L fo

3
=
| M~
=

2

3}
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1996\ 5¢ ZIBH R ARZAE ©A] E7HsE did X2 A1L-& 2R3}
I APAEHE AFI|eS AFA ske F A=HY AHE-S 4F5HA ALt
3 9o, g o|AE FAISHY] #3tA u| HUFEoAE X @ #H
71ed olAE SXBIEF{ FA3L gt EEH AR F X F A S
Stes 2ZE AFAts wid AYE 715 fASIE AAtE ZAE 4
St=8 o|F3istal gl 3FY A9, A Ao vfdEo dE YL
TAREALAE FHLE 5 4-5 knd] & 7F3 250km w]FAX|cjo|tt.
Ao g o] Y A& HMLE XuiEo] glom Fo ZHA] Flel glo]
o] H317] o3 A Yelth, i} 6.25 ARA| ofd™ 2] g 2} n
QA EFhEo] 23 AW I} xNHFHoR WSt U, HIT B
AZt el Y iy fAR wngtel UG Q@ wEEY} {fo, FHRAH F
Hellq A m3rt EAL e AdAPolth O volrt B F u|FH A
tio] E3E ThY XE 2 FUE Azl dF s 9 AHu]§ A
2 QAs) Ay EAEE JHsde] 2 ZLE XAFI rh ¢o R AF o
FUEL 2L FAFQA Al 3 AM&Ho| ol = ALY Ao K
Adch. U A F23% EAE JEY vjdEo] dE AE W SuES
o™ Ao o HEHOT whE Al o] Fohlm A|ASI=L st A
oltl. olE ESo] FIEHHAIY A% ©A =& i 19¥ /Y F=o]
th " X L AA Jleol s AMA vhdEo] Q&= AHE AA
shed =& H]8-2 3309 e F=olx, 722 1100d = AY o=
A5 3 ch metd, 2EF g FUES A&t FYsHA @RAE 5 9l
E A2E JeS stz gt 2ER Ve Jted ShUEA AR}
V4718 o] &3t FIGAIT 1.75MeV RFAERPUE YC Ao Al WA
A7) 9.17Mev Ztubd e} 22 W FUE o 4o xiE AA(MNY
2] FHZEES o] 83l BHSIA AFH U FUE YAste Jiedd
g AR o tiste] ATt

e

fopH T
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A 24 dyAL 2y

713 Sd
il W chAx} 27 W 2T Fops] ©A| X e Ade] 9lof ¥
AR (BAA"E), A, 7157dolth
Zoll ZidE vlmtz] ©A] X Z X-4, IRy}, F4AE o] &3 AHE
A2 ) '2%3‘45]91‘1}. X-A, IRILES o|-&& Ax]9] 79 A=A
S TEFoz AN T gr—, Rt At
R A ‘I—J?‘;’SM o ;&—QEE Yl e 7HestAIRt -840
oyt E3 FARE FFAEol Al wiFEdd Asl, & bAAdel
A7} 2lch
o]Fo] Ztx glv FAMY Az tARE ¥AAIIZ] #s 9.17
MeV Ztul(y )& ol &% ©ARAE sigstazt gct. 712 fdele o}
&2 grh FF ouAst 1.75 MeVl FAHRHp)E ©rA(C) B 2
4 A g =S PClp, 7 )N o 2s) 9.17 Mev ZupdSo] A4
Hch A" ZudES AN Hol B Ap4r Yo A
w2 Ztupd e & FE7E o]&3dte] FAH L
o] A% A& W ZtF-Hofo] Ao IEUFEY U= FAHY Ziopd
o] F 2wkl (Photo-nuclear Resonance Reaction)S ©|&3}7] wiE
of &z f-Fol tht zbHIY AT} 90% o|do2 AA FAEL,
gtagA o2y AYH Zuhde ouAe P45 T Qo] EX35}7]
f Eoll X EAHE &A SHZ2Y 5 glo] A =3} FA7 HA o
=th.
A Ha, 758E w2 AAE GFEE RAAIIHA o Fojxof ¥
ch Zobd ©RAA L S, 10mA oY g2 W AFE AFSHEA
Aol AAl Fx|] Zo|7t 3m, F 1m o|fE Xl ©xi7t 7Hsdle
NN154E zt5a ot $A&=E & 5m x 5-8 kavh oJt},
Z ¢olA =23 Al 7HA] 542 AF7A] AUE oE ©HAI A of

ofN o
2
2.3 -\.‘-
¥
[-J
of
X,
N
o
&

B}
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sl 713 FHolA 53] ¥ FHAM ThE TUAER| X 7T 10%
U2l elE v & of v E Al glo] AUe Hagol HAst

ch.

2. A H/BAA S

o U 2o cfu]sle u]RERAA il B3 gt A W zZE THERg
A43HA AATRLEH, HEZ B =8 JjAdz) QY BIo Ao
Z o] &% 4= glrt

o HAFAE ol o] &Y AP, FolL} ol ZHUE ©Alo] A}
£ 4 7] WBe] HT FAEAZ H 9 7] ¢x], Hy 5
& AMdo] LAY 4 gl YRGEE J¥LIPL- 64000 cn’ -2 H$
26007l /h o|c}.

o =T st HEW, FHr|o}, ofZyhLgl, ejrol T FAFAHS
7tet Bayol, oZel, fi F WAIIIAN dde] 4 rige] mizel
o] A= 93, ET BRI U4LZ Qsle Jlot Ul £ FF

3 F7lsta gk ol& EAFES Ay g8l AEGsia AHSA
HAY 4 ol A 2&5T Ado] Hasith

o JAl 4q) JA e} tiEo] ©HA Jlg W By F2o wE FAF
A FZIE FAlo] 71th¥E 4 grh

3. 418 &4

o ZbHAl Az}, A Y AFY olF ZFEY &Y HHE g ofd W
oAzl =129} Fob ®Ex] FA| o] Hasirh

A 34 A @A FA T

g ARES B7Y BOE TWEIL o sl dFY ANA

34& F U= AN Frlolth o= =Y RS QWA=
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ol B FolLh, 8 AHefolM Fokrie 0% 7
& A3t BHSHA "@xsta A A ste Folrh
o] HFolM AHARTE ©R]2| Fogol &FEIL glovt BUHoE & of
8 EAste ©R Ao S HA Y == Y BHAARY FE
u|REo|Tt, o] Zix] S/do] ZUR A8 Hf FHEE of 105 e
olth. thel &} tiAxt =&, Z1e} wfdE FuEe] @A AMEEHE &
< 37 Fui€ "@27), AZRAE ©HAI], 4L @A) Fo2 u
_<|':.

ATt AFFE olF ©A7|ol B3t =8| dHsiaizt 3ict

1. &< ¥x]7] (Pulse Induction)

SEHA71Y el o3 g "HxAFA 2 FEed e A$S
Y (transmitting coil)ol] A7 HAE JI31H o|Zlof 2Js] =}7|Fo| ¥
dETh BAEH AT RO s ©X|RA FH e 454 EAl A
F(eddy current)E HFEAZTL ol FARE A ZYU(receiving
coil)oll &3l ZA|E & o|x A7| A& WAL HAH AZE AAFI
A2 Eol 3 FHAUYLEHN S5 [FFE bt I FE ARYH
I 9e F% HA7I= vIES AE "Rl ulg- Hsia R stel wfd®
2 2% BoE USHA ubEshr| ufiol 2 EIE wDHI| UAgFich
, Algo]l dddol AR FHAol st AARE 4= oA FHASIL &
g AEAO] BARZA] e FHol AR & AHok& F3 Tl

W32 AN-19/234 U7 RolEch

R |

%l 3-2. AN-19/2 24 ¥z 7]

- 32 -



AN-19/2%= NATOS} m]Zo] 32 AMGSHe 2413 WAZZA 4% 34
o] 3H-H AFE FU¢3l e H D FTA4ELE Electronics unit, Search
head with telescopic pole, Headphone, Carry bag, Transport case =2%

o] .01 Ik,

2. A 9 s EA A

AZo] RY vlAY oA PAToEH N W FUBe §F
E T2 ¥ 4 glot FEI vl XE ©WAISRA Rt obEol Tl
132! 3-32 Free-leash K-9 ©x] A& HojFEr}

3% 3-3. Free-leash K-9 ®A|ZA

3. Bridge lImpedance
WA AAlEe] UATE XS] BAPLEN WEAT b RE
A E -2, HFE, 44 5o izt F2sSE YR AAE

Aol 2Esict,

4. Ground Penetrating Radar (GPR)

AxuLE whabgt F dkalmbE A3 A st XY A4S LR £
Al BRE A jd 2] B AEE JHssiA s FA]olth
gtaE g ®HAe] F2 AMEEHTL A2 P ol AREEE ®HANWH 7t
<4l shupo|th.

i
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~

1 Sgral
l Pracessor

™ Raagia f
l Frequency Ampifier
1 Ganerator

v

X Tiansma Aslannga ] [ Reciover Autenna l

Burled Object
(Ddscomtinuity)

3 3-4, GPRY Alx Y|

3% 3-4% GPRY ZFUelE Ho|Erh GPRE ol &3 A A A Ay
2 199558 AlRE gl O%3-5& 1996 ZrETlololN FEHR|EE ©A
3171 913 AM&-¥ DETEC-1& HojEtTh.

ag 3-5, =|&|¥t=z] 7] DETEC-1
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2% 3-62 DETEC-124] 7H3¥3Ql DETEC-20]t}, 13l 3-7i= DETECE o] -&3&}od

[
A& "Rl U= BES HoErh

23 3-6. DETEC-2

1% 3-7. DETECE ©|-&3l X & ©HAISI Sl= BS
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5. Microwave Impulse Radar

&2} (microwave) & ©|-&3to BGol TEY EAY F7], BYES 3
2l B Aeldte] EoFEs HAIAXEZA AREA Y3 x5 {FE
zhd st 3% 3-8= ol Helg o] &3l A FE ©A|She= Microwave

Impulse Radar &X|AX|E R oFCl,

%) 3-8. Microwave Impulse Radar

6. Acoustic mine detector
L3 7|78 o3t YR WHIS HLHo JFIE B F AEE=
sl AeR a7l 3-9=

L [s]
ne) 42 BAPLEA A2 F7E ¥

& ZA e ¥A RS HoFErh
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2% 3-9, Acoustic mine detector 2} ¥©2] B

7. X-ray @2 32

X-ray® Gdol ZAbst] 4ol BAEYH H Hel Lok XrayS
M3t A4 NelposH Ao KRS st FABA HD we o
F7b AW Fol gtk oW AHEHE Bl EAHLS  Compion

backscatteringo|3, &2} x| g|elel FTEE 2|7t 244U AL, Fo] 7|
glof vis] @& Fedd 52 RS Ze F& ol&sta, YR 2| F
S 2=
= Lo

7t H1E2458Y BE, Fol A v &2 F44I E2 ety
3

A ol gttt I3 3-102 X-ray ©x|Ax]2 daE Ro{Ft)

8. 83 @A 2
7}. Drop-in Ground Penetration Radar Sensor (DIGS)

22 GPRI} TIE AUl E HUT HAFA S| vhe AP e
o]AL st B FYPLBE w2 ©A EEE YUY 4 ¢Vl diEol
Tl 3% 3-11< o]& #©AAA] 724l 3yl Drop-in Ground
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uncollimated
detector X-ray source -

collimated
detector

8! 3-10. Backscattered X-raysS ©|-83%F ©2| ]

Penetration Radar Sensor (DIGS) ZA] 4%z 7]¢] AN-19/282} GPRE ¥A

o U 2 B e D e R

ToOAN 192§ estoean Ut
Be o Kr g TR P

732 3-11. Drop-in Ground Penetration Radar Sensor (DIGS)
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L}, GIS
GIS §X|Ax& BXHEE BFAFAIZ]7] $i3l GPRZ Infrared imagingS
YA Aol [2¥ 3-12 HZx]

a3 3-12. GIS ¥x[#A|

t}. Close-In, Man-Portable Mine Detector (CIMMD)

CIMMDEIR|Atx]= GPR, electromagnetic induction, forward-looking
infrared (FLIR) thermal imaging 7|52 EAZ A=A 2 ARE
£ Zo] §Folr}. [2¥ 3-13]
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% 3-13. CIMMD ©&] A

9 Vehicle Mine Ordnance Detector (VMOD)
WOD= Hx}7labg o]-8-3to] &% 2-4m, 3Zlo] 50-100cm o]uj®]
B E HAIste AXEAN, UL 99& A48 €A 5 AdE Zo] F5F

oich. [2¥ 3-14 HZ].

23 3-14. VMOD EFx|Abx]
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o] W¥A|FZ] AXZT teleoperated metallic mine detector system

JINGOSS [2#®] 3-15 & =x]o] it}

% 3-15. JINGOSS £} Vehicle Control Station{VCS)

JINGOSS ®A|AX|= FAALHO R 9o 7Hed AU ZAM UAWEAHE &
Q1 Zo] EAo|r} JINGOSS= VCsell 23] 232} ®X|7} Skmolifolla &3
¥ WMOD §hz[%te] F 4m 71| 7Hestal, ©RA|E A EE &dA ®EAIShs
71%%-& k3 glth o] AXE 199dof ALEEL, XHRAEE BEI] 9

%t Global Positioning System (GPS)S ZtF3L Qlt}.

10. Teleoperated Multisensor Mine Detector (ILDP)

ILDPE= Az A=l Tl ‘%}Z]%i]ik] metal detector array, IR,
GPR, thermal neutron activation (TNA) detector® o]Fo]Z F-QlH3JIglz]
Axjolct. [2¥ 3-16 HX]
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- o of g

"L, ~—METAL DEYECTOR

7%l 3-16. Improved Landmine Detector Project (ILDP)

11. Vehicular Mounted Mine Detector (VMMD)

VMMD= GPR} forward looking infrared (FLIR)RAX|E 2}8Fof AHats}o]
2o 30m ool e RE el AEE ©HAY 4 o= @AAAITL B
52 NHE x|t S8l 547 0.5 - 4 GHz?l cw waveE ARE-3}
o|Z g3l 3702} horn antennasE A&sia gl [2§ 3-17 #HZE]

=
.
al,

2% 3-17. WMD ©X] & (1)
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I3 3-182 ZAHYAE 23t flexible metal detection array, ©|% Foj

etz 71 7153t infra-red (IR)2} ultraviolet (UV) sensors, 2|8 A& 3}

jmi
& 2|38t Differential Global Positioning System (DGPS)E ElzjgF VMDD
olt},

—r

3% 3-18. VMDD ®FX|A=] (2)

12. Vehicular Array Mine Detection System (VAMIDS)

VAMIDS= F5421 8 &t B4 2ol - n- I=d s uHYd FUES
@23t Zol FEAoIth. [O¥ 3-19 H=x] 53] EE7 gl A A
HAE sYstA siETh

33 3-19, VAMIDS ®Hx] 3]
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222 AE "W EE x| AX HEd FAE By oy 7R AN
71'5S B3t eyl F& o|Ectl & Eof GPR, IR, Bio HMAEF o]&
& "X x| 7} JpiElo] A83 chAlN o glovl, HAAE e AR Lo B
A 7b =2 ol E3 Hz7hg o]&317] Bl HFEE o83 A A A
2|7} v 2991 & Asta qch. Al Z§, 7000 Fix|o] o|2Ex= 2] F]
FEHUIe Ao s FETH 284 m3 ©xHe HE sy
Eo|7] 93l Fuig Xl X F2 7] ©@Aye] FHL&E gl
o Lioprl #HZole ol ¥R AAFY Jiwe] HEHBIED gt o] gt
AL AEAAT Dol BE ©x] HEgo] FAI7F WAgs ol
2 AHE FQ By @xAXY A, BFEI & Zo| 1  EAA
2 Ueiyz gk ot EAAY F wWtegA 4doN =3iAY
A 2o stebdBe 2d €AY £ e Jed Muste otk Uy
ZE FE5ERIN F2 AMEEI o] v FER|E ] ozt Xzt o]Fst
3, AAANAN Fd3 EE7IEA AFEAY Axholr Alg JHegt ©x
)] Ryl AlFsiel, T3 X 2o 23 dAdsta 9l

FAA] ololl thdt FHalgh glxehs zZkx| Ry

il loh

o mu

A 44d. FEA 7H5718 ol &7 A FH HARFA

1. ZAAA (29 3-20 =)
o ORI Ql&Abx] @ 1.75MeV, 10mA FAIR} 7}&7)
e X¥3AA : Carbonl3 (150 g g/cm®) Ab&
o &7 : Bismuth Germanate (BGO) = Nal A2
e YoJe] A A : Neural Network A}-&
o HojA : PLCE o]|&3} Control system

e H XA : Global Positioning System (GPS), MAEF7] 5.
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2.

A

o HA &= AIZY F 5mx Zo] 5-8 km ®HA| (HA7IE)

o B FHE : 90 % ol (FI : TA &I e HAIA
o e diE o 71 "HRZAE EUT Jeolw, U2
B BHEE 10% ojfolx, HYFAL] A 50% olfolrt.)

ZXOISE GPS
e

2dd ZaHo A

SERIHD)

kb

H2E

3% 3-20. A E/FUE HAZA A AW NHE.
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qE AQ71%

ol2d 7l&

o| %% 7=
A WA=
LAY dAlle

A2 Fof

GPS -&7le

ER o manle

BEHLA =

E47 w4UZ S

BEA 7=
AEZ FE0le
WA A7) &

A&

HA| 2of

diol® sy
Al

SHHAT 74 7&
4 Z2od Ay

PLC 3|2 74 e
BAZ AS7E
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Ao A
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4. U J1<8%

8 gl Fof ®x| FAo AY Fu A 1997972 ARG EA
HEZTE (1] . Zeu, 715718 ol &% A8 W JHof ®x]| 7Ivvlay 7
T, 2 S "HAFA A JeWFEHEIATL (2] . UREYR, #
AR g 535 &4 Fol slen (3], FEAINEIE2REH AEA
7128 AP "E AL ¢ ole =20 [4] & 7Yt F53 vt 9l
th EZ AFAE AT Qe ©E JIE71E AHEste] AARRE Znt
A sl AP APE 19989 6€FE 19999 1¥€71=] 33l O ZHz}e
UR-E 33 G4 7H47] 3ol dEsigin (6], =Z 1999d &A
EeE ol UEY oIt} (6] . W, FYA LS ol &3l ¥R
718 ZMste AFAA 7ley BF oM A7 AWk 23471
E3E up7h Qivh. Jeiu S4AE A8 o|2RE WeEEHe r-d 2%
7l 703ty IFUAYPATEE FHLE Slo AA(}ATL, 4
tietel M= de] 7idse] AHEE AL glth
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5. dAY 7g 4= 9 wFaz
Zh g ZlviAd

WHAPAE oju] 4HgE, YRE, FAHE, AFE 52 chyudoA de
o] &= glen, Moz E 2 MAIFTUARID), XU, Azt
471, F8A7HE7], A8 HUAE Fol o|&EI Qth. o|F RIE A|¢3}
A o]Fo] A EVMett BAY AXEo|tt. AF 9 Fof x| E FE3
23 3= 2 AxdME  ZYHITH2MeV, 10mA) 2P PPAIIEGY
(Electrostatic Accelerator)& ©o| &3t HA|AXE EfXlgfo|L} 4% 2ul
7130l ®Astd  FES AFPAE FHI7HsSy, AG3HA FHLAE 2y
o] A, Fo} T HIRI] ©A JHsEt SystemE SHAIZ ZAeolth o]
t e 54 €S A4 A Ao s hHAlZ g of
Uel thy Yapdol 8 AulE o|FHLE nEe] FYL &E sl Il
£ A7 € Aot o] Jle& IuE A LSl Fu, ¥nt T i
E AHelAldolA Eefat oiebd A% FE3] ©HAH £ Qe 13 L =
o|F® Xu|e AE&IE o|FY °'E]' %%3} Aol Amloa Eleke]
AL ES nhdss 33 oty dLHES hHstes #3& ARRYS
2N YEAIIIEIIE ol & Feof W U]'QF 2]-%—'%}2]System F&o| 7hs3t
T} ol g3t xAI|Ed &3 AuEES F-L&Ile FH ¥Yqbo HkE A
A3 Ry £ drid FHASH okEe BHAJA ZFAF o|So] Auiy
Zolth =3 B Ao AL&3 ciAA BT L PRI
71 AAAZ7|&, BtA QD {§FHE o] &3 FH Ve, rd ASjVe, HAE
o] dA3yle T o BHAECF Zied FAHE o|F3ti 2 &I
< A1y Zlojrt
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L mtg a5z

) 71=d &9

olFH th-&w YAlHol& HR JUE HAHo T xjeio|L} 2YHA
of x| HZE 7HeA B2 WAMY 4], #F, 8 5 chide)
M8 YAt Y] o] &-& B Holy AntthFolA WAL TS =
3= AZIE ulgs] & FHolth 53] 7KE7|I|ed oln EAY HEE
A, FZREA MEAAZR, RIZL Bl ol &Ea 9don FMEAY ©H
R Ae, AEY “J*P:i&*}f‘i 2] & thdHe] §-8o] JHe3tER o]FH 7}
7] a7 A4 FHT @Y e AE AR st @ Fop
AR 7 e AFsA 2 Aot EAI|e3} WA AFreS 4
Hitdzt HEE dFodA B4FHoR o|&FHE JEIEEAN & AN
8] o] Fof Jle/e o2 W JUxAFHAT QW FX| L] 3-8
7hsd Zolti. A3t viyl FUE ©HA7|eS £ AAlHdAM AUH Jes
IR X3} In SAZIA] ©HA JHed WaPAde] S F3AE Ao
H, 34 Ex siA oA HAdE 8o HuH 4 A& Ho|th MV
4% PRI At AU §8E Ful HIAFEAN U3 AT sy
3 glov} #Hal MAAFAA B = AF TSI E T2 200keV o]
o t=A Bakg 7717t FEFE olEth 53] MeVg 7H47IE FEAL
22 uf§ ATt M olF o]&F Fuf AL ALY E7HsF Aot
2 HAE B3t ol ¥t MeVE £B J1E7|7E A&AQd FHHes 25 vt
SolA EW AYiEN Jlesid 2 A4t & EHAL Jleddt F
thdol ] Zledzt AHdEE JHestAl ¥ Zolth, EE Sl A7
<9 1=zt wiel FUEY J71&Y w871 F71E Zold, & AN
8 7t%7) AAAIeS HIHLE JtE7iol§ AuiQl AMS(Atomic Mass
Spectrometer), RBS(Rutherford Back Scattering), PIXE(Particle Induced
X-ray Emission)®} Z+2 7147|108 AW 4R Fitte A=y 4

oS Zojt}
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(2) SAH &4

A W FsE gHA7le2 AedoR A4 AT HEE 93l
o "oy ¥t offet HA7L ohd HAY Fo= vyt BHog W
£ 3ia Qv mlgA A E W FdE o¥ Alale oju] $-E|AbE e oAt
B AdF7} Hol AFYE JlelA| ¢x 7! TEZ AMIRE Ui 9)
om olF &o|7] 3t W ko] FFH
TS SUES e 42 ERE UHREE Aldelth o3t A 9 FuE
HAE A¥S HEE sta Jlemz Yo} st FAHOZE: ufg-
A&3 '=x 2 Aest 7hesteiol st vl & FAY JleAdE olE B
EE sia glvh 2HY FHI ®AE T #o2A ATTF ~10knd]
THTE BEE JheA ¥ Zolw FHY IR Aoy FRE BGY
S 2A o] W FZ O] UTY +HYE A ¥ Aotk AF AEHA
Hle] HE = o] AIE HEA Zolm, RiFY IgAE £ ¥k of
vzt 2o iRl #A AdeE 2 E&o] ¥ Zolrt

(3) ZAA 54

A E 2 ¥ T AE IS AA U F7EA AT A AA
2 HAUARE Zhdols A FHANZA] FAY o] AAE 7| ol=3ct =
T A =HARL o FAA FHqAMT ohzt AF F7t €agt
Aol vfg Act ¥ 4 gtk FFAY, d=ApoluintE, WHREE,
olxz|7} T AYL AV|FL= FL FA7ISoA AF HFo 54 A
Betx] Hulg el 9o fAZ FFoe VA v & ANE
geg stx gloh £ AE ApUEe AR AN Fido] JHest
thd A w3 ABLE o] FAE st EURT AFIHE
A &4 £ A& B ohel FAA HE Fo FARTS A5 A
g 4= glo] AAA A F EE& & Zolth A ol AF H iy
F7MEL UEE 7hdd Ueles2 IFAARETE AHAAuES FEstEs
=3 Holx glch RviHe ol ¥t AFHUES Y ol &% 7Hsdl

S

n2
flo rlo
fd
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B2 & AHgte] @& Zolw Fu|Y £EHTIE RFAA SYAS
FAPYP2 08 £33t Zo| nigAY Fojrl. fLauety] FLdx =t
SAHHA A ] FHEE v 18% Aol AAY ZFHHolM RER| g
A2 Y AtgEle] mlEE FuUslE dZb o 50ti(TFE o 5tf 23
oldes of 3009 ol AAFEIL H ZoE FAHAL) Jleyeow
oo AA Aol "WolxlE it FHIE £UY APolx thd ¢f 3~5M
$o] £ 0¥t E AlolA JpdEE FH|AAY AGHE dojx|E= 7YY
o|Q]o] u|dle] o]F HEYLEAN dojF= AMHAFAAHQ o]52 ¥ A
olth. dfujtt +4HY AW E dov|= FUEEY 553 AAE 7}
A ¥ Zoln AMYAR e IIYHAEA FoAY FEES JHEsA
5l BAIEY AHR xE HUHFRY Y FY EFS A% FAFEERIL
£ol3] & Folcrl. ol3t AEL IVt FAFHLSE 22 JFEE HY £
UOoL HAAEE AEE § XY Fol= HHE & Foln, Ho] ¢
559 == o571 ZAAYYo] 24HY FfdEe HFEAA ] & 4l
4% AER AA BoE4S AEY AUl ¢g& Aot dxFoE AANEF
< 1% AT B2 W ALENY FHE A FHAA= H5Holh, HA
H| E AR tfol&= UNT ZolA oiglst A |2 ©X|7 E7H58 Sl
28 x| gl 1¥nte] wWE ofdA|HE Hox WAL 33n] FRU
992kn’e] Wil Ao FwIo] A gon (FoldR 1999/02/25 7|
Ab ol& AASHe u[go] 30~100gEe] o|&F AoE A (FoldR
1998/10/29 =3 ¢l SAAL AT AH sk Qo
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A 5d SUE HA del gd 4

1. Zapd FPEF5 AE
7l AY 53

B A Bae may, o¥dx} w3 Bc E£3#2] Compound Reactiono]
ol =L 9.17 MeV Ztupd ] RS AUHoE HFS3to, A&
2 ZubE gxjof] AMSH J147]Y ¥ ARHE AR3= ARE HEIN
2} sH= Zlolth B, 9.17 Mev Zimpdo] N 3t Zw F4 whg g do
2 we] Tt AAE o] &3t FHoE "X Zled deElE AFsl,
AA 'R X AEAE HA, Y o ey VR ARE FHile
Zelth, 71EY YAEE oLt Simulation®] ZAARZA x| gy el
AL HAY 4 glot, AA ALY uf= Backgroundil Noise Fol 2f3}od
ZA3 A7) A ekl £ JeBE o] dEE Filo AFse A
ol HgAolt},

v A AA|

AP AT4L] 1.7W ¥ 7H4G7]E o]-83to] 1.75MeVe] gt &
A3, Pc 99% & foil EH o] YAIsl 9. 17MeV Ztupd & WAA|F| 2L, o]
E ol&3t MYL Systdrt. APl AR&E Pc EAQY FAL 1211 4
g/en’olm, c(p, )N #ubgol obdAt olUA| 1.75MeVollN FW zZimpd
Ayee EFAsla, o] At Melamine F4 ARl 43t F4+ ZAZAE H]
astgdch - FAEJ2L 27X2", 3"X3" Nal(Tl) scintillatorE AHE-
sl B4 A|BEE AFZ3t Melamine Powder+= 10cm, 20cm Zole] 27
bom AglY &7)of wol Aye] AM&3tTt. & HHUE 98to] 0.3m Mylar
e JhA atstghe AlFsigon, siGr]e i il F-AH sglyE O

¥ 3-2190M & 4 olth
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%! 3-21. Gamma Resonance Absorption A3 2] Atzigt

2. 43 43
7}. Excitation Function® &3

A% Bc(p, y )N #urg-¢] Excitation Function® T}-& o Uehil
Tl Fof Yeld oddxle] oA & ¥R 714718 Terminal VoltageE 2ul
gt Zholl o] 2428} Bias AYE Ul &2 Ajoln], Iy 3-22& o] Az}

E JH=Z= vehd o2 FHIREo| USS HIE HAY = rh
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Terminal Voltage Energy of Proton |Count of 9.17 MeV
(MV) (keV) 7 -4
0. 869 1766 459
0. 868 1764 461
0. 867 1762 492
0. 866 1760 579
0. 865 1758 559
0. 864 1756 574
0.863 1754 633
0.862 1752 679
0. 861 1750 737
0. 860 1748 1019
0.859 1746 1266
0. 858 1744 1243
0. 857 1742 40
0. 856 1740 20

Zupd o] Adako] X7t == Terminal VoltageZl Gd=te| Frolu

Z|of sfEstELE, Terminal Voltage 0.85IMVollA] ThE THAIY] AEE 3

stedch. abdat ofuxl 1.754evol el C(p, 7 )N WG IHARE

aa

o
2

3devolm, "N(y, 7 )N #1120 THHAL 5 Sharn o] &aA Qirt [7] .
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Excitation function of *C(p,y)"*N

1400 T ¥ T i T d I T v T
] =

1200 " 4
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9 ]
© 800 -
q: ]
> ) [ ]
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© 1 " a2 g i
= 400
3
2 ]

O 200 i
ol = ® R

i v 1 M | M | M 1 v T T
1740 1745 1750 1755 1760 1765 1770

Energy of Proton (keV)

o3 3-22. Bo(p, y )N 3k o] Excitation Function 3 ZA3}

. N "o o3t 2 4 AY

A4 H3t 9. 17MeV y -2 FHEST R FHAT S-S o] &3t Fof
S A dzE ABFLE AFU] AT ANEEA FoOH AL
W57l FAE Melamine(CsHeNe) @& AME-3l9Tl Melamine ¥e] Wx
7} 0.772 gren’o] EEF A RE Az}stgdon, olg ALYz drE: ¢
0.51 g/em’ 2 A Fekz} Fapsirh, Ao 23 9. 17MeV y -4 o] Zut
&2 "clp, )N ¥t Lab. Angle 80.7° £0.7° G4 UjollAut doju}
22 FY F5 9 At ¥ FofRx] dE AFEstr] ¢ste thE
SR 23S *tgfs}gal:}, A7, Melamine A&7} ¢li= AefollAe 9.17
MeV -4 Bdare FAstgTE FAAA 271 1% o7 HEF 2%

A=} Ale zA }zs}ou] ZA3hY, 7-41 Collimator ¥ Shielding ZAL t}

oF
[
L TN E HU3tA §X 3t Ex, Melamine A|§E 2% 3-233 Z

==
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°f A&7] ol B 9.17 MeV y-49] F2bare ZA%T) o] ZHo)

Ae Ao ot FHES B Melamine XpHo] ot 7 -4
Attenuationo] FAjofl doldt AAE &=t} Az, o WA} ge xA

A HE AT Lab Angle 85° & ulPro] ZA3r} ojuf= =2
oluz] Qte =22 Melamineol 218t Attenuation® 2Ry 4 gty wsh

B AR y -4 FAS] 91 FEVIE QA by wste)] Rzto
At AYE FUstgnh. £ F, G4A WY ARE o 1442 83
stglom, 2t A3l 5000 4CLE FA3bste] ZAsIAT)

Conlcal fan beam

Carbon-13 target
Acceterator
: frofon baam
1.75 MoV

33 323 Ak R ARl A 9.17 MeV y-He| THES U
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ot AW Az B

AYelA 3™ 9.17 MeV Ziupd e AMEY|S T7 3-240] H|ZL3}o
vehdigich 23 @ E8FKo Uehd 3718 A4H PeakEo] 9.17 MeV Zin}
Aol 23t Zlozw oEZHEE ZZ} Photo Peak, Single Escape Peak,
Double Escape Peak@} %}, Background?] 3r& ] A3517] 3t Al
S 2 A3519 00, Compton Edge F-22 H&jsle] EA3lgcrt. Al e
232 Qe FUFSol AT 2ag WHE the} Yol Yehisith

Lab. Angle 80.7° £0.7° ol.f | 80.7° +0.7° &Y
2BES O X
A4S FA 0.793%0.028 0.861£0.039

o] ATHY Tu gixolae] Aol ] T g o] vt ZrIE
gold 4 glgich gy, 2% A Yo7l Zupd ZFoHE nEHRY
wgt AZLE dx] Bilgon, UF A APS STile ARES A3, o] 2
& o] gsto] A A7 w3 MA BEY oHolt ¥ 3-26=
Wablel] oste] Azt Zmbd g E3FY AASA, FFY ynpde
Statistics7} £x| Rslo] 283 ANE dxE Estgrt. YARES o]&
3t HrloA = Abgt Zubd o] 100#/sec ZREE S5t ¢8R JH4r1Y W
AE7L o 120 WaT AoT AXNFALY, JuAHANE ALE FHsd
X7t Aol Yt Fhete] oF 1xAZ HFY $utol oot BT AY
olAE 4zt W AT 20£A7t AME FHsE Mguistne] 3w ©Rlzk7
2 A8y digoln, =7 ©x| |8 fdal AZ R dA] We 4z
25 4t Zo| 7hsstelet di&HLL
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Counts

Absorbed y-Ray Spectrum
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H 4 & 9Ald seials 4o

2138 59949 ol %

AdH oz Easte Ev UHHLE AT HFY PAAS o9 &
E2 AR 4 ook WAMAE e, B+, B-, vt FF o|F3 HFo ot
gt dRg 1ol whabd AYAE Zeth &R 2 VHRE ERYE #
A S&okel whet 2, &Y, AR, AR EFRY 5+ 3,
o] &3t Aol miet FAAR o, EFAAL REAOIE o], WA
AURE o] &st= HAHLE EFY <+ vl Zt EFUdd E FAHA

=8 B ¥ 4,13 gch

X 41 2 2748 FYL AR R

e ¥4 BE e
-leak detection
-mixing test - B EA
FAE | vear test MEEard Ay -sapirgEA
& Lsesaee, [aeesery
37 28

- y radiography
S |-FAL U=, 9]
whgato] | &4

o|-& -3, #4 E4
5 Qe

slelEUAz  |-elaat

A= | 2a) SeeloldE  -gAE

% |-drtdE o8 [-ZAAR SOEL LS
A7 B4 -EE3A%Y
-BAT AR

71 €} -smoking detect
g
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A3 ol 8F FAHRE AEEHE Afde 553, FAUAHKr-85 gas
o), ulRx &, EYx A, Hlsl/RA/EA o] BHH, FA/A s/
A A Fol dla E-Y REgAlOlE o] &3t Ffole FAIEH, 4
57 (Co-60, Cs-137, Am-2419] 7y 4lE& o|&), WxEZFA (Co-60, Cs-137 9
y 1L o|&), radiography(Co-60, Ir-192, Cs-137 2] y AL o] &) So]
AUrh F; 4.20] FA FAZ A o] &FHE FALLY O BEHES Yehig

=2

¥ 4.2 5994 o] FAZXA

¥4 ALz 34
Cs-137( 7) 30Ci 4-100mm(4 )
Am-241( 7 ) 0.5Ci 0.1-8mm(A)
Sr-90( 8 -) 0.02Ci 100-5, 000g/m*
Kr-85( 8 -) 1Ci 10-1, 200g/m”
Pm-147( 8 -) 0.5Ci 5-100g/m"

SIEEIES o]-g-zs]-ﬁ- ZASole WA S o] 83 thermoelectric TH}E A
AZ ARESHE A7 AL Bl BT AA, okFEE Tl ol&Hrl
okl A= —r"ﬁlx}i o|-§3t= Z-fol HlZAERE 3 (P-32F), &
572 (Hg-203, S-35, Ca-45), JYLATF(C-14, H-3, P-32), 7I5BSHH
BAE dF Fo] A AqUAE ol&3t= AFEx=, slSE, AFEIA
4, B54% 5ol k.

SR RobolA L 2HxT ol g3t AL TheI} .

- ZUE &3 : 6d-1538 S ol &

- "oz 7] 2] @Eo] gl Na-23 TIA Na-248 FQUS) Yl
AL Cr-51% o|&3] AP o 8 SH/AY $& Ad 5%/
A 28 SH/ERY FH/AREA A, Fe-591} Fe-55& o]-&-%h
ey

- ¥AlH ¢ & A (RIA:Radioimmunoassay) @ A /x/E}Y 52| n|skExA 2
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)

& FF8 AP

- ¥AbH 9 H & (Radioimmunodetection) : y A& i Tc-99m, In-111,
1-123, 1-131& o] &3] A EA|Eo] ¥} Hgst= EXE 7y 7
2tE ol &3 &3

- Te-99mUE (AL AATE 1-131 HUEE AME)S FA E3ZF90
A Uders yAE yeElE T ZE9stAU WE&Y (SPECT
Single Photon Emission Computed Tomograph)sjA] 2= XZligt

- & oz ¥l c-11(x], Z, AR, N-13, 0-15(H, ¥R/, «%
71), F-18(x, <¢)ollA Lt A7 Azpel ZA¥sHA 2709
0.51 MeV FALE HAZ3] M4 HAE YAHL2ZE FQl (PET
Positron Emission Tomograph). AB+%5-Z #Fo|2ZT 10-20MeV A}o]2]
A3 Ao|FREE SR Ailsin] xuhibZby|el2 R PETAX|9} B¢
U AR 7} 313to] Qlojof Firt. F-18& 7HA o] AR,

- 4 MeV RG] it ¥FA 1-123(A),  Ga-67(9Y),
T1-201(x]), In-111(Xx])2] ECE o| &3} ¢l

g FokAN YR E ©|-&dl= A= th3 Zrh

- Teletherapy : THRYLY Co-60 (yA)& AZ 1 cn = 22 &
Aol WS WA

- Co-600IL} 1r-192( 7 ) 52 2 Folol 4lelel WA=

- A RFe] A9 P-32U) 1-131( 8-)S FYsh A Rz RolA
3 x| &

- BAA xZo| Y-90, Dy-18550] AFEHZL, Ho-166, Sm-153, Re-186%
&Y ol

- 50-89, Su-153 &) f-4g o83l QTS WolY BAMTL) B U

- Co-60% ol 83l YRR lotES WL

- ¥Ix}H o x| 8 (Radioimmunotherapy) @ B-& W= 1-131, Y-90,
Re-186, Sm-163, Ho-166E Aol FEA|Sto] FAUME X &

o8 HEE uiHLE FF AEEHE FHYAE UdEstn IREY &

i
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7], Aahbe BestE E 4.3% »h
4.3 F8 FHLELY 54

SHEL £ ki 235by
Co-60 FY: &9, UE, elrjeaety 5.3y |¥A2
B AAT(MHY, tele), HHAK
Ir-192 FY:elrieacty], 8 AU R |74.4d | HALR
Ho-166 el I B, HHEA =, 27h BIpS
WALH G X 2
Dy-1865 #HAHA = 2.3h |gl=xt2
Y-90 FBAPYANE, YAIHE X B 64h UA2Y89(n, y )Y90, FP
Sm-153 ZHEXNE, THHESSA0, 47h KA ZSm152(n, ¥ )Snl53
WAl Y8
Re-186 FAAX T LAHY A B 89h 2} 2 Rel85(n, 7 )Rel86
Sr-89 SAMRTE S0 51d f=r2
P-32 Y, AAAFARE 14.2d [¢=x}2832(n, p)P32
Hg-203 ] 47d Axlg
S-35 = 87.2d (Hx=E
Ca-45 o 165d (Y2
c-14 =4 5760y |H=}2
H-3 =9 12,3y |¥A=
Cs-137 Y:29), WE, girj e ey, B4 130y FP
Am-241 4, &4 458y
Sr-90 57 28y FP
Kr-85 7, gas leak 10.6 |FP
Pm-147 7 2.6y | Z, FP
Gd-153 s 236d |¢IR}=
Tc-99m yAlE| 28} 6h X2 Mo39( A - )Tc99n
c-11 ], 7k, A&+ PET 20m 7}4571B11(p, n)C11
B10(d, n)C11
N-13 PET 10m 7H71C12(d, n)N13
016(p. a IN13
0-15 i, dF,=H7] PET 2m 7} 71N14(d, n)015
F-18 x|, ¢} PET 1120 |7}471016( a,pn)F18
Na-24 AT 15h A=Az
Cr-51 HAASIcH 27.8d |1 x}LZECr50(n, ¥ )Cr51
Fe-59 ool AZF 45d 212} Fe58(n, 7 )Fe59
Fe-55 AT AT 2.7y |dAE
1-131 y A E LT, whAlH A E & 212t 2Tel30(n, 7 ),
LM FALX B Tel31( A-)I131, FP
1-125 ZHatMatel 28 60d #x12Xel24(n, 7)),
Xel25(EC, 17h)[125
1-123 Zhaa g, puAMAAAE 13h 7+&71Te122(d, n)1123
Ga-67 St gt 78h 7¥471Zn67(p, n)Gab7
Zn64( a , n)Gab7
T1-201 x| =gt 73h 71471 Pb203(p, 3n)T1201
In-111 XA pAMAAE AS 2.8d  [7}47|Cd11L(p, n)Inlll
Mo-99 fission Mo 67h X2 Mo98(n, y Mo89, U(n, f)
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A 2 A 084 A3y

£ 4300 Uehd 2% go] Mg UxEo} A4S olgsle 2
M 3A U 4 Utk AAZE ol Aol YT FHAES
olgst W3 HARol Wolgls YRAEAL Bel H4se whyol 9l
th 745718 ol8ste Aol 44 MeVe P4 (pn) WS TE ol
S3He B, S MoV ate] WIANSE YA BAL o §te A
. GRAAY @, d, He3 5 WAL olgste AP, PHA 5
A2 FAAE VED A FHAE o8t A Pol 1 FAA

g ALE U 4 Utk FE Wol ABHE YIFF Mo-99,
In-111, Ga-67, TI1-201, 1-1238] 5 7}X|S MFslA Arbge ol
IS FH471E ol 8% TANL AT AN WA Yoo} Y AYS
the Rk

ol=z
&
.=

- B9l A A F A7 tof| Q] Activity

A(t):Aoe_At

Ay=oNI(1—e ¥

Ao = W ZALRFE] B3&

N: che] HE of ¥

I : Beam Intensity

A Y B9 4l B3 A4 0.693/Tise.
LW =AM

N, px
M

N2 : Avogadro Number

1;ix-r

N=

p : density
x . thickness

M : mass number
- AMB 20 mA =20 % 10° 7 1.6 * 107 particles/sec
= 1.25 * 10" particles/sec
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1. Mo-99(Tc-99m)
7h Z1&Y ARAE $4AE ol &3 W

P22 FA4ZAE ol€% (n, 7), (nf) o] gl F 4,49 o]
A& ul2stgrh. = Mo?] ZAIS 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%)o]3L
B A4S theat o] o] Fo|F

-Mo A} 1g

. flux x cross-section x atom number per gram Mo x Mo-98%

= (10" n/em®. s) x (0.13 x 10 co®) x (1/(95,9x1.66x10%)) x 0.24

= 2 x 10" Mo-99/s

-U-2351 g

: (10" n/en’.s) x (35 x 107 cn®) x (1/(235x1.66x10')) Mo-99/s
(10" n/cm’. s) x (140 x 1072 cm?) x (1/(235x1. 66x10°%)) ot AMo/s

¥4 A4z A BIAE FUSIEE N(t)=(S/ A)x(1-e*") o] (S
sy, A BAAAE=0.693/Tiz) HL AlZto] AU s/ Ao £R3lEZE =
AR ZES Sltia ZEEFo] F7kste A2 olUth RARA|ZEO] Ty, 2Tis,
3Tiz, 4T & Wil F i EFEL] 50, 75, 87, %ol =EL3IEE F9d
& Aata] ZAAZRE BE uizir]e] 2-3ufelq A Fch Mo-99= REZT]
7t 66A|ZrO| R ZAIAZHE 100 At stgch AgFolul ARt
o zZeF Aaba] F4xL 27 F4 &3, burn-up HF,  indirect
production $& Z@{sfof st E¥ ZAMA|Zh] wWE ZEF3} H]YALE
HE= ThE 4 odthke A& 2e3fof ¥tk (n, f) WHLE (n, y) WHET]
duigo] wn UL EelAAok e @il oLt HA Mo Fol Mo-99¢
H]-&4l H]AHso] &rhe AFe] drth
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E 4.4 AAI2S FAHAE o1 8F Mo-99 (n, 7), (n,f) B4y vz

(n, 7) (n, 1)

U-235(x1iUo] 0.7% &af. HZF A}
€7t YA e E$ 93% 7R
&3 M. H3E oW AR
71EeE2 EA)

dZA4 A} fission 582 b,

Mo-99 HEd WAHE 6%,

R 4247 0.13 b HE Mo HEP WAHL 24%,

(Mo-99 ABdwtH A 35 b

QA Mo AETHAEH 140 b)

Mo-98
A (=F&iMooll 24% E,
FEEH AME THS)

10" n/cn’. s G282} A Mo 1g U-235 1 g : 9x10' Mo-99/s
ZALA] Mo-99 ABAdEF | 2x10" Mo-99/s 3.6x10" ¢FgMoss
10" n/cn’. s 2=} 158 Cisg U-235
100A] 2t =AFZRF 10.35 Ci/g Mo U-235 476 g ol Mo 1 g B4
Mo-99 ABAJ =k — 75200 Ci/g Mo
-fission & wigo] B2 Lg.
AR A A& U 445 B34 fal.

-3 2ol PAbe e 2k

28] ¢ AFSEA] 932 U 3
2EF U Q4T A WAL,
=], 3A -BA U ReEF g2 SH-A
Mo &, Mo 34§ 70%.
-22. BA7| ol AR A

Mo-99E ©]-&3t Tc-99m U7 = IA2uiEd, S3Y, eI 3 71A
2 ERY £ Jded 3Pl SulFEP 2 Te-99me] o]-&=p ¢AolA
RSA & + YomT FFA} A Te-9mg F2W ¥ BIHE ¥
Ei7} Sl B2 Te-99me] ¥tZt7] 6A1ZbE & SHH Te-99m FEF ui2 FFol
olRolalol B 2AE Mol Y FFsHe Walel W Azuke
He A GA To-99ng A5 ALY 4 o Aol Yol A8
of Wi YR Te-99nS FE3 AFSY 4+ Utk meby A 2=ujE
ol Tc-99m U718 FHE o|Ft=d AZutEH o] compactdt portable
2717 AT Ho-998) ulMAPs(Mo 1 g% Mo-99uANs)0] B4 felsh
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th. wield (n, 7)ol &%t WHHETH= (n, f)o] &3] HAHH fission Mo7}
FRE olF arl B2 HUAsS compact¥t AZnfEY Tc-99m UL
g e 4 ke FAPYo FE2H Tc-IMme] BEE Eolx A &2
Tc-99m 3}UES UE 4 e A= gl Vx| A4 Te-99n2 (n,
7 ) SujEy Yalow Agalsic) 98% Mo-98 H2HEHL 27H1$/mg)o]
L} (n, f)Mo-992] 7}Z o] (US$167/Ci) (n, y )Mo-99 7o) wu])3f 4u] =t}
Fission Mo8] ZAlde] 713 & 24t e YPaAbsd Mo-998 A4bsiev]
71 SI7IEY ol meEld FFHE &I FEAAE 8&4F FA ALl
Folzith. 2y $FE 2S+F YAEAA AR X} g, g kg
25 o 8% (n, f)Mo-99 A4t AlAb o2 A 19.75 w/o LEL U0, EFE (0]
40 cm) 7HAE BILIE OR FARR(3.36x10" n/en’.s) 170o] ASIE walo
2 4708 ORFo BT 27708 HAE AAVEW EAF 149 17.1 g9
U-235 Zz]3}22 MCNP[1]¢} ORIGEN[2]22 7d =4l 1d ¥z, 1¢ &3,
68 AAZ PR AAE 8T Zo] Qlrh3]l. AEe Uo] BF 2455 g
o] 8283 Ci] Mo-997} A I oom H|Walso] 9718 Ci Mo-99/g Mogl
1.17 g2 Mo} 4" Z o= Uetylch

L. 7t&7] $28=%1 ol &

GeV 2] %4=1&E Pb, W, U T8 FYHE A ¥zl yk-3of
o3 k=t 1 A =AY F8ATE A8 Hh ol¥A BAEH F4=
BFAURE $ MoV AEAY ol& dF¥AE AHAA MAZY F4A
2 o[ &3l ZAAH Mo-995 A4ty 4 gk 29 412 AF 10 com, 1
GeV, 20 mA ¥d=} ¥ Lol HR3F HEHo|AMS] F4AI&S LAHET[4]=
A4rgt Zlolth olld AEet U o]-89 Z-¢ vlxdt F4AEE 7t
222 R Aol AESEY A T2 33F 2ME 29 4198 F4
2t g 23 Feloll 0.5 cn N8 Eeeod EAFF 1748 AFo] 1.5
cm o|2% thEl ZFAHAIEA F3F Edo 60%F oy 4 ol ®IES
SAstE F4AE dorg Aol wiAIZt JHe ¥ = ol AA F4
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2t Y RAE ol FULAE AAsted A FEA FHolyx| s} 2
MeV A xolrg dZ2AHAxIE 57| Y3l £ F9 o moderatorE 0]0} -4,
th o] Ffol F42 ©@&E FHo| Holx FHAKo| ZlolxlBng FE

o] Mo-99 B4tk 8N o WS EFFE Ao} sted o] H¢- 1‘3]"‘]
2] v]-&o] F7I5tA Hch olg ¥t THE Fol7] Y3 U Y fission F
BAE %%%}—E ujdAZ Fejo] whHE 28y 4 gl A=}
ol 4 22 Mo-99 B4hE $13f k ol 14 o eIzl u|dA
= i"%“EH7} Elo} gttt 71E71E ol&3le B9 HHOE EAHS FAE
% gltle Zolth 7If71& ol &3t 799 Hrop Add Akt
& $J3fA= LAHET, MCNP, ORIGENS ©]-&3} :=AlAato] W 3}c},

A 3

Beam

@3/ 50 em _
i 6.2 x 10" n/cm”.sec

Soston 3 section 1 .
\__/ i 2 80 x 10"
3
4
5

N Sectiond 62 x 10°
N Sections __/ 38 x 10"

I 30 om _’{ 1.8 x 10°

O 4.1 YEAF} 1 GeV, 20 mA GAAE o]-RE A2} A

71471 FHAE ol &3t BT FAES UAR FHAE ol kst BF
of vl3f ¢ Fou TIE FHLR 747 EE J1E718 F48A 44 2F
AERIZEA] 2ol 2 AdefollA DRE Mo it FAof o] & Hfeole HA
4 GHAAME 28¥ 5 e 7Hs/del drh
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ST AP FPHE A9 U3 TE "9F YA4F Y 234
o} Hbgof s B2 +% g3 o] BRE Zo| r} dojd = glomg uhy

= : 998] YHATIG7]E o] -&¥ BihE sdichH, 4]
MeVollA 2] ¥uE2-8 33t AHY High Energy protonol] 2]3F spallation
reactiong AZs] B 5 +=v spallationS o] &3 =94 i B
& YFY FFIL obF thdstal, H3t:s #Fo AE 8o 53 &2 3¢
g 37|% oYrh

_{

(1) 30 MeV A ZIE Mo-1000]] XA}

"Mo(p, d)*Mo2] cross-sectionS 18.3-29 5MeV F-ZHollA 110-182 mbo]
Tl Mo-100& E3F O 2 o|&3Irhd, 100% H=X3, UM W 20 mad 7
2 Mo2] Atom Density7} 6.407X10% #/cn’o] 22 30MeV XA x}7b QA g of
18MeVE oUAE a3 AUZteE 4 0.1cn EAQ AL, 150%10 7cm® X
0.02/(1.6X10™") sec' X 6.407x10" #/cn’® = 1.2 X 10" #/sec®] Mo-997}
4t

(2) 100 MeV &FA=}E Th-2320] FEA}

B2h(p, £)¥Mo] ¥ISES o]L3t=u Th-232 (natural 100%)2] charged
particle fission cross-section2 AR} oflL{A] 17.0-21.9 MeV F-ZhojlA
29.8-38.5 mbo|T}, Th metal & EF ST AL%icin 7}A3HH, 20 mA2] 7
2. The| Atomic Density7} 3.06%X10% #/cn’0| 22 100 MeV 817} QJALE]
o] 100 MeV oUA|E Q13 AUrts F7] 1.5cm E3 Q] A9, 35%10 Tem® X
0.02/(1.6%X10™"°) sec™'x 4.59%10% #/cm® = 2 X 10" #/sec 2] Mo-997} A
A4t
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(3) 1 GeV 3 =}tS Mo-1000] A}

LAHETE o|-&3] Al4to] 71%(20 MeV o]3} FAd=}e] od8F HL3twiz| ook
)& 1 Gev, 20 mA, X|F 10 cm {F WE AF 10 cm, FA 1 cn A3
o Mo-100 EHo] A& wf (p,pn)olyt (n,2n)ol &J3f 0.0051
Mo-99/protono] ABAdHcTh walA 6. 4x10™ Mo-99/s o3 F&o| 835 go|=
2 7.6x10" Mo-99/s per g Moo|3L 100 At RANE 13,3 Ci/g Mo} AR
t}. ¥3 $£A47} 0.1 cod uf 0.0003 Mo-99/protone] AT},

(4) 1 GeV & Tc-99o]] XA}

1 GeV, 20 mA, A& 10 cm U¥ VE ZE 10 co, T4 1 cm A2lYg
Tc-99 (=2 17104 Azt 25 kg v, 7|2 AdAeuiad o
T, A dE, dAUEE Mo-1003 22 gk ARE)ol ZAMELE uf (n,p)
ol &}5] 0.0003 Mo-99/protone] AHAAH-& LAHETE A3l A4tgt 4= Qi)
o] AL+= ¢A Mox A== 0.0145 <HAMo/protone] Ad¥ct whel
A 3.8x10" Mo-99/s, 1.8x10"° QtAMossol EAo| 835 go|= & 4.5x10"
Mo-99/s, 2.2x10'2 QtAMo/s per g Tc o] 100 A7t ZA}E 0.79 Ci/g Te7}
AT Te 835 goll Mo 0.11 go] AJ4(6153 Ci/g Mo) St} EHFAE
0.1 co 2 3tAY YAlUA S 100 MeVE 31 Mo-992] Aol ¢lodct =7
10 cm & 3}H 0.0029 Mo-99/proton, 0.2021 <QtA&AMo/protono] BAIE L
whebd AAgake 10 vl F7Fshu v gAbsE "ol & o 4 gUth AR
HS Fo|d u|Also]l F77Mesht ABatsko] "Wolzth U(n,f) el
u|3] 2elxe|ske] F7igith. & 4.59 4.60] AZ7HA| AF3E Mo-99 BAat

WHES 54S vlasigrt
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YT lobE RBRF @ 01 Bl B& x&H W 01 Elr W 08 & B&le lcplcx

(10)=Z{x{k 66-oM

B =B OW 8/1) 670 60 ‘2 90111 *Eir= &lr 001
(oW 2 /10)Z{v{ulr
& &k Ge 0 1°62 eell +EivE Zly 001
oy 8 Jad s/66-OW ,01%Z
[{r= oo Rix
B k| tile&is Ex&ESR s ,mO/M 01 LOIXZ 1 LOTXP 9 085/ & e 66-OW
Trite & 66-9W
66-oN Je&lo Sk g lo & (4 'U) oxE £
(£U) lok® N RBix N Blx T&S T TER Z((udu) ‘(ud‘d) ‘(p‘d)
o8 lo Bix&S =B &2 ety lodd Bl o|(ud'd)  ‘(p'd) Rle lelxixZ T {xI Su & 66-o%
(8 g'gg)uwo 1°0 (8 ggg)mo | lete®E
729 1 AW 0F A9 1 bk flofx & o
oW Bz oW Bix 001-OW 00T-ON EE

TR Rfa T 66-N B5 & BOW oRERE STV E
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_gz‘..

¥ 4.6 EHEHo] M7t obd A2 Mo-99 A4t Wy vl

3 Tc-99 Th-232 U-235 U-235
g Aol L ] 1 GeV 100 MeV 1 GeV
F3FA 1.0 cm(835 g) 1.5 cm(1378 g)

Ho-99 AT

2z} Fgxto &3t (n,p)|(p, )

A ALE Pboll ZARY $AA}
53 O FAAE U-235
3o (n,f) BH-g o]-&3)

YA FEAE

SEE

U-235 E3o] (n,f) ¥k-&

]85l Mo-99 g4t

835 g&] Tc &2 AA

el FAol 1-2¢d &8
-Teof Hi3} &2l AL 3=

Mo-99 ABAY
Mo-9948 A /sec  |3.8x10" 2. 0x10** 10" n/cn’. s8] GFAAE AR e
oYAMo/Mo-99=48 713 shd
9x10"2 Mo-99/s per g U-235
100 A]Zt ZAE (6153 Ci/ g Mo 75200 Ci/g Mo A&E;I BE
v YA
(Ci/ g Mo)
100 AJZt ZARE [660 Ci (Mo 0.11g A84d) |3,554 158 Cisg U-235 ¥E S
Mo-99 ¥abs (U-235 476go] Mo 1 g A343)
(Ci)
=2, 3H) Mo 0.11 g A/3-& ¢ -RAF AF B2 1-2dF LE B

*7}&7] 0|82 Z-9E 20 mA, A|E 10 cm

o=} 1S A& 10 co ARITY F 3o A}




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

- o Zghg-

- AAA PIn-4.28%, "In-95. 72%

- ¥kzb7] 2.83d

171.29 keV (90%)

245,35 keV (94%)

- Electron capture decay (100%)& AA Cd-111% ¥
- Ga-67R.t} Thast &3] HYE Aol §ol

- Main y -ray energy :

X 4.7 In-111 AL ¥b-E-

vy o Q) Atof g =] A2 &
(MeV) (mm) (mCi/ z A%h)

“4Cd(p, 2n) "2'cd 22 0.5 1.0

99%''“Cd 28-18 0.95 4.0
ed(p, 3n) 97%*°Cd 38-28 1.26 8.9
*ed(p, n) =ted 12 0.25 0.12
Yag( a,2n) " Ag 24 0.064 0.06
“Ag(’He,n) " Ag 32 0.25 0.02

- 31313 R : fuf$=Y diisopropyl ether-HBr

o] 2a¥ 3|

2R AY
- 27t 33 AV ThE d4E B vt dEER T1G7 8 24 3F
oA f3ts FHUATS USRS Yolyx], £ AR A=, F39
T 5& FAs] deysioiof &,
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3. Ga-67 [5,6,7]
AA f otd FoFe A HHAE At A&
EC decayE 3}o] Zn-670] H.
wt7t7] 3.261d.
E o -M oy=x| 93. 3keV (38%)
184, 6keV (23%)
300. 2keV (19%)
393. 6keV (5%)

¥ 4.8 Ga-67 A4+ WS-

e S S o A =
®Cu( @, 2n) "=Cu 30-15 *°Ga 0.001-0.16
“Zn( a@,n)"Ge “In 25-19 “Ga 0.08-0.17
"In{p, xn) P Tn 21-30 “Ga 0.4-1.5
"7Zn(d, xn) "'7n 0-50 **7n, *In 0.03-0. 35
®Zn(p, 2n) 7Zn 22-28 “Ga 5.7

*Zn(p, n) %7n 18-0 “Ga 4.1

®7n(d, n) *Zn 16-0 ®Ga 0.95

- A Z3H 5 23

A A S AHSY ui= A 7R E HFol AVIRE HF
Wzt A Zto] vtz "o sttt 53] In A9 £3E ALY Afe
HEel %a (V7] 9.7hr)E 1%0|3t2 Fo]7] $181e] 100Xt Fxo] ¥zt
AZto]l Masith, v EH(YZn, ¥In)S AU wi B HEo] AAEH
= AANESo] dojur] UAxRF Wz & TAE XSl E- Y
52 HAEE AN HEL] Wzt Aol HRsA| o F AL Y
58 80| ¥7] wfEe iy gito] Kol FF JlFo] vxEE HF

A

}
=1

-{N tx
S
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7 ¥
HolA] Ga-672) ety Ealy

H4A Y
alumina column®] - =& %Ge-%Ga WA x|o ALE-.
cf.) ®Ge-%Ga WA AFx] : PET® positron emitter

4. T1-201 [5,6,7]

A3 Zodojr} Foke] WA o]& - Potassium -FARA|
EC decay 3}o] Hg-2018 ¥

vzt 73A17¢

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

135keV y -ray 2%
167keV y -ray 8%

¥ 4.9 T1-201 A2l ©vkg

T 23 34 7|gol HYH Fout sHs3i)

ol )
g =3 N i =Y
"Hg(p, xn)*"T1 Hg, HgO, HgCl 20-0 198, 9,20 25T 110, 3
“'Hg(p, n)*'T1 “IT1
"T1(p, xn)*'Pb—"'T1 Tl metal, T1zS0s |28-20 2l 0.7
“*T1(p, 3n)*Pb—>""TI 241 30-20 “5T1 2.2
“*T1(p, 5n)**Pb—""T1 “*T1 46-38 “h i) 1.9
"Pb(p, xn)*'Bi—>*'Pb—*"T1 |Pb metal 55-47 “T1 0.61
- Natural HgE o] &3l= w2 Bf ¥FEOF Qidle £ GAS 4

T A B2 IEFFE FIA ALY o] &HA de=rh

- g E¥L B¢ U3 BEA=
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o] EAo|t},

- "'Ph(p, xn)?'Bi—-'Pb—TIE o] Ll FHo] uExe] P'TIS Ayl A
3t wh 60Mev o] Ate] oAyt "We Il

- A WY AL Thallium metal X3S ApLF

- Bjeba 2
ol &R B4A Y
guf32
L

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

- R7IEYEY F4od Aol BT YRAF WA Fod4L
- wtzt7] 13, 2hr

- EC decay

- ZtubA ofl =] 159keV(85%)
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X 4,10 1-123 A4t ¥k-2(direct method)

ol x 2 )
i =3 A L T
*“'Sh( @, 2n)**I Nat. Sb, 98%“'Sb |25.1-35.6 [*I 0.15-0.93
“'sh(*He, n)"*’1 98%'“'Sb 4.5-14.0 Extremely Low
"“Sb(*He, 3n)'“’1 Nat. Sb 23-40 i 0.024-0.17
“Te(p,n)'*I 77-91. 5% “Te 15-19.5 ey 0.44-4
“Te(d,n)**1 95-96%““Te0; 7-12.7 R 0.1-1
“Te(p, 2n)'*1 91-99. 8% “Te0, 22-30 ey 4,2-45
*“*Te(p, 3n)*“1 95, 5%'“’Te 36 ey 0.85

¥ 4,11 1-123 A4 9k (indirect method)

kg T3 ;’.’:;:J;ﬂblzl Impurity %ii—/#/\*h)
“Te( q,3n)“Xe — ‘¥  |95-96%“Te 42-46 o l0.3-0.45
““Te(*He, 2n)“%e — “I 91%'“Te 25 low 0.3
“Te(He,3n)“%e — “I  |76.5%'“Te 30 low 0.8

“Te( a,n)'“Xe — I 45%“Te 23 il | 0. 002
“I(p,5n)*Xe — I Iz, CHplz, Nal, KI, Lil[52-70 | 3.0-18
*'1(d,6n)"“Xe — I Nal ' 70-80 @1 ‘5.7-8

T(p, spallation)®Xe — '“I|La, Cs, Ba 450-660 siTg 1] !glo

- Precursor Yeo] 2.1x1Zte] wWZlE BastEA Pl A 2
o] Aol glrt.
D xe 2elol AT 2= P1g 4L 4 YUk
@ On-line Xe ¥2|7} 7Bs3ich - ZI4R-54.
® @71e] HARZ g TbE.
@ 2eat PrE A v
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A 34 g olg 87

1. =9

1896\ H=ZA Fe Flo] fehgold WA wAsty 21§ Fe §
71 Feke FAtolAl Pog} Ra UAYCE 53| Rak rigko s FE3fx] w
AHeel EXE FAA Frh Rax Pabeo] AN BA| B4 Egd 2
ZHEoAl TSE £ 1903 Fe| BRIl Yals Uz »HAdS £
23t 19329 ALzl Beo aYAE AMYE wi(es PolE HE UL)
ThE 4o Wabzo] UES UAEd ol 49 F4=1 &a7)
=gt 19330l ZeldEFelst Alo] a2 ] FAAE HEHS
AZIL o= Al+a—P+n, PoSi+8" 08 0] AF WAl T4 HA
o] Halrt 1930dt] FHHPE] MAYAE G FALLE AV Sl
Cockcroft-Waltonz} #o]Z2EE Fo Fol& 7k&7] Aol 243 =HY
I AFFHH AT 2AHEATE 2F 3 YHLE PoFLERE U2
a’dolyt 7k5H a2t G2 REY FAHEAE 23 FHAE A F
A7l ol AMEEYEY 1939 Udll FA4RE AR FI= ZAF oA
Otto Hahno| fission& WZA3Icth 1942d Fermiof &J3f HPL J=xl= 4
o] BFYL o]F Fiutrie} njFo tid UXZE YFE AXE 3] &
APl olE UARE APTQA 1946 UL EH UL Aol o83 C-14
o] Hxo] A2 FHLAZR T HdolA ALEHAUR ol F JAZE
WA oL el FAFTHESL FULlE WALe] 243 E
th. XJloe F2 FEAAES T8 ALY FHLAEE ol &R J1E7)
& AH&3 ¥ty F& Bl FEAE At ol &l WHE AP
Hoov FAgolut dxlRe] Rzt Bog FE YAEE AHSHch 1950
Ao Zof 4=, =&, sivct, giol T FAL4AE gatdion 1960
ol A ellE 19715 2578 71dellq ATt 1960 do] 252 HIFARO]
71552132 195813 ORNLO] X8| tf#+R fission product EAro] ZiAdE o]
| 7] B¢l fission product?] U ASQ o]Lo] BAZE YT} fission
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product( 53] ARI7] HF) o] go] 2 olF-FY e HHIE
AHEE EolsA stels =AM gct
=l 2t =7 L A €%E B k23 Zohs].

33 : ANSTO 4t3} =}E|AlRl ARIOJA] HIFARE o] &3 fission-Mo A§At
4, dx g AF
- e YAlo} 1 ARZIIE Tc-99n 7|& GEOA T3] o] X|olo] $&
- WIEY : 1-131, Tc-99m X}a| ABab
- Fiuich ¢ CANDUSIA Co-60AM|AIA] A 80%A84F. NRUHRIZ oA fission-Mo
AAA R 80% i FedLAdAd HE dxlE 2
7] 34 oA
- W7o : BR-2 oA Tc-99m W7 B2
- o}l : SAFAR-104|A] Tc-99m A7 2
- A& : JAERI ©%. T}o|x], Nihon Medi-Physics oA 2] ¢}& A4t
FAUTtERE| fission-Mo 43 Tc-99m W7 AR, 70du) =
7V 71 8 F BAtAl 2L 80 ATi 7R v d 50% 2] o|-§ F7t. HxY
= 37 A
1995 7|E2 2 RI AAAIAC] 10805l o]F fission Mo AAAA] 5
A Eo|n(fission Mo : 0.59E, Tc A7 : 19E, Tc o]-& #HA : 3,59
B) Mo-992] MAI4-8& 309 Ci/yrelt} (Sullf @ 2,000Ci/yr). 2004 @&
742 607t CiZ $8 F7171 AAHTH3].

2. Y

U FHLEAE AF-8 URIEA TRIGA-MARKE o]-&3f A|A
H3 7HE571E o] &3t THUL FAE AAHHYLLY MC-50 Ho|FREE
(50MeV H+, 25MeV D, 66MeV He3, 50 MeV Hed)ES o]-&-3 80dt] FubRE] 4]
ztgjglch F ol ARG AT4Y UE7L s FHULE N o]
o] ¢ Fusix|a gl 1995ddlE AEiEUA(TR-13 RO|FEEE,
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H-, 350 zA)2} 4425 (MC-17 Mo|E2ZEE, H-, 70zA)0llA PETE #}o]
SREES =d¥on A HAE SHHLB4E HE MC-30 #o|F
Z2EEY == 2yt gt F 4,129} 4.130] #HFH g o] fFopd
FHH4L Aal/eQd ¥Fo] Uehy gt ool £4d &S & £
At 1-125& H|-&F HFEC| ARt H|Fo| $0xoltt. 7i&7] gAtHE
% 1-123& BIZI7171 Zol ol oY 7147 At ¥Fo ) Ag
< A& ¢ %ol Fsith. G784 HFY FR 2000k A A
o] 50¢je2 4 7He3iri[8].

F 4,12 HFH AL 9 £(1994d) (] - oY)

E Bty U2 FAZA
1-125 62(36) 62(35)
Tc-99m 0.8(18) 18(10) 18.8(11)
Co-60 8(5) 8(5)
. Ir-192 0.1(2) 6(3) 6.1(3)
. A2 3 2.5(55) 1(1) 3.5(2)
T*Q Mo-99 0.06(1) 0.06(0)
=E Cs-137 16(9) 16(9)
C-14 3(2) 3(2)
Ga-67 0.4(8) 0.3(0) 0.7(0)
747 T1-201 0.6(12) 2(1) 2.6(1)
1-123 0.08(2) 0.08(0) 0.16(0)
71El
0z (2) (33) (32)
A 4.6 173 177.6
{ )= %
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E 4.13, o] &Fokd (¢

Py

o|-&-Fof e et U=y FAZY
K-S 4.6(100) 89(51) 93.6(53)
At 0.01 78(45) 78(44)
AT 6(4) 6(3)
A 4.6 173 177.6
()= %
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A4 A AT PAATEIE ol g8 FALL A2
= oM AF7A] gotd UL W S /484 ¥
e ZSA 1 GeV, 20 mA YA 7H&57] (KOMAC) & o83 Fod4LE A

Aste AEE sy rh

1. FRAAEE 43

&3 FgR7IL71E o] R3] A JHsd 2 E5S AU
H 4,14 AARAH FQ A EE
dnIuse| e
F Llzdodi = MRS
S ! i)y | ouma) | F kd
Mo-99
. h [ * L A
(To-9m) 66. 7hrs 2,842 2,773 X
1-123 13. 3hrs 2.7 38 “ B,
T1-201 74hrs 49.5 618 “ B,
Ga-67 77.9hrs 9.3 78 “ B,
H-3 12. 26yrs 18, 381 473 Are g/ B,
XA E
A, AFRoA Aat Jhsshy B MIE AR =34
Supply HQ E5&
3 E5

B. ATEolA M4 BrHsstH QAAAGIIET AN T
D AWIIGIIE kel oS $o7t 2 BF
£G747100 2%

Bl
2 2 71&€ &= AEZF Cyclotron
Aitero] FEF3lo ey #U3ke E5
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2. FR5UAS9AA (1995) Y

415 2 Y 59444

= HEIE
Iz I =2k = o_l} Ap8lot
EEOLTE dooous) | FHREEY jeuazan & S
(Ci) 2 | 2
Mo-99 ShtE BAAY
2,464 | 2,725 CIR=g 3=
(Tc-99m) KOMAC x| O ° &
1-125 1.3 |53,338 ¢ shilg O | E A The-
1-131 55.8 164 “ O XN2&
S-35 1.7 219 “ O 712}
P-32 1.9 263 “ O Ay et
" X 53=
C-14 17.6 378 O &1
Ir-192 {57,590 | 897 " O At} 8-
" g 4A A EHA
Co-60 [209,000| 342 AV S O R
(AT R N
- At
Kr-85 37 11 A 2 AR O &
Cs-137 0.9 43 " O "
Pm-147 49 70 " @) "
Am-241 2 67 “ O "
At &,
H-3 18, 381 592 KOMAC O
A3 2}%}
T1-201 | 28.7 515 KOMAC O 2l EAITHE-
Ga-67 3.4 42 KOMAC O “

1) ZI71% RIAIS], U 15910, 2A37]=F(1995) =i& A&
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2) 2 EXIYEIIAY

3. A4 Bua9gE

E 4.16 A48 BANF

A 4 T8 £ 5
Zolvfx] W 499 Mo-99, S-35, P-32, C-14, Ir-192
ATE Fysgxy 1-125, 1-131, Co-60(2] L), Ho-166
(3h}=) -
FZeut(Aitu]A) | Sm-153, Y-90, Ni-63
AP Z Backup Mo-99, Ho-166
AR P o == A H-3, Ga-67, 1-123, T1-201
(KOMAC) Fe-52, Co-57, Co-58, Rb-81(K-81m)
JENRAV S B o] 4 T
In-111, Tm-149, PET® Z9dA &
onad C-11, N-13, 0-15, F-18, Mg-28,
=Ko
£P 8= PET& Ge68(Ga68), Sr-83, Sr-82(Rb-82),
7H&71 As-74
(Cyclotron)
7|E}O) B-& Ga-67, 1-123, T1-201, In-111
FRUAL | SN B FBRY) o
(HdLA) (RAPAESR)
Al THAR sh2 4] Cm-244, Am-241, Pm-147. Cs-137,
REE) = Sr-90, Sr-89, Kr-85

4. B8A7H571(koMAC) TAE HEAH

7}. 20MeV proton
"'Mo(p, pn)
- Ga-67, T1-201,

MoE o] 23} Mo-99(Tc-99m) A
Co-57, 1-123

- C-11, N-13, 0-15, As-74 F2] PET¥HZE
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1}, 100MeV proton
- T1-201, 1-1232 &2 olUx]e] FAxIZAbe] 2%t Aato]l o &S
A,
- Z2Th, 2q(p, £)™Mool 2]&F Mo-99(Tc-99m) AJAH

- (p, n) R34 1K FHAE o] &7 THLL A4t

t}. 260MeV proton

- U-238 5 ZHTpae] o7 BoQa A, 1000452 FUL T

Al At 7Hs

2}. 1GeV proton

. U-2385 FHTol 2T EAUL A4 R WHHZHAE o8
SUA AN, o 2000958 FHUL T A Ty

5. A&

- & YEAAIIEIIEE HALZRAAN BiEE FEAARLYHEFY RIE
= At Jtey. 53], RV B3 4871 W& Mo-99 (Tc-99m) o]
ASole 3ILE | Backup SupplyoZA ™ £ glo] FpRY

o ARl Hol oS,

G AZIG e R ATt

(o)

€ 271 F5sa
A
2

©

T AN E HFF AAFEAAM YE
o= 1-123, T1-201 52 tiggate] 7heste] =
o1 .2

U+8E ¥F&d + s

ZetedAE RIEE WAF 7Hedte] AEX|HY B F AF7HAES
AQY + e
1GeVoF

A7 2E 28F ol4e AY EE RIE MY & 9
2 8§, A4S L APELE AF RlolE WA sbesi, ¥
F AL 542 RIA] THsY,
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- BT UEY FYATIGIIKOMO)N T RIMZES A4 (5 A4
3he) ZA4 w2 B3 WEEE YA AEY "o U,

- 77l RIZAS WS AF AFUSE BuNPY 4N B 2

o] Tdta "t
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H 5% MeV M W2 0|28 SHXYM 2 0|8

N

& MV R WL olg FHAE AHAINEL NS F2 (pn) U
3 2t )

%‘Ltﬂ %J—*L‘li o] a3 Be’, Hp,n)He?

5.1 4 Mev PR 4R A4 g B4

| Threshold
- Energy.

Li-7 | Li'{p,n)Be’ 1.88

~30 - ~1300

H-3 H'(p, n)He’ 1.02 ~60 - ~2000

Sc-45 |Sc*(p,n)Ti* 2.91 ~10 - ~50
Threshould energy:= H® ¥3.& o]L3t ZS7 71 2z cjgo g Li’, s¥

& 48 o 5 drh. SR FSHolE YA Y odUAE 3 MeVE
Mg uf Li’, B AL o] &3t ALy} uldta ScPE ol &3t AL A
aes ugitt AAEE 2421 oux: AwboM Li', B ®32

£ MeV BE7EA] ZHegty] whal Sco] Ao $4] ke =YL & £
olth, webd dutyoes we ZAxjsro] Wadt Aot Li', H EFL
AREshe=d] BT st S U7t ditygoew dFAAN dYF
HARlo| 2R o] Aot Lio] FARANURE Hol ulsf LT 7
g 4= 9lernw {asict Zt whgoll chsf UdotrH chE3 ZtTh
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1. Li'(p,n)Be’ o] -&

Li'(p,n)Be’ ¥rg-o] Aoji}y] 91381 threshold o= 1,88 Mevol oF
AP olU=I7t 2,37 MeVE 2ol F4x} WEo] Be'e] ground states}
Ist excited stateollA] U228 27§2] monoenergetic T2} Aol o]Fo)
Tk 4dzt oY}l 5.5 MeV FEFIAE 90% o3 FARI7} B9
ground stateolA] WAE=d] 17 5 10 o]gst WE Z2MHxE A=l 3}
22 W forward WO T WA= F4312] oUxd A THF ]
UERY QITHI], 28 5.2 QPdAUR] w3l mHE forward kel o)
RSt BE Wik FAxIEAYEE ulagt Zolth odzlely
2|7} 2.3 MeV oA peak& o] FS & £ rl AATHE FHAE= w2
ztzof utel gzt olyx|7} xlolE Hol&d forward WFolA] ¥
2t oYX 7} il "ol a7 532 ofAdzleux] HIle] w}E #HR
2} wEZte et HE SRty ¥WstE Lelhd Zloltl,

™

| =X}

vED
%

oX,

ST

Mip.nldHe
Bianiire
14

k)
1

!
i
TLitpne Be~="

L i I 1 2 s p) i 2 ) 2 1313)
o t 10

J% 5.1 Z} #¥ukgA|o] forward WO T AAHEE= FA4=1e ouixd
A i A
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100

0 deg. cross section{mbisr)
-
8
1
{PU/IREAI QL+IXPPIA LOINON

3% 5.2 AtV w2 0°lM e Li'(p,n)Be’ MR A} RE %
ol Ao F4z B4

T T T ¥ T T 1
70
4 300
. 60
@ 280
g ¥
g 50 < ]
X — -2005
g 40 g
2 4 150&1
o
4 g
30 Ji00 %
s
20 - 50
10 T T T T T o
18 1.9 2.0 2.1 22 2.3 24 25

2% 5.3 FARelUR] T2 B F4% BEAEY BF FHAIUR

A& A7IAY backingERE F7IY £ SZAAI= A& Lo} gich
backing B2 2= A E7} F31 background FAA7L USR] 9= Ho] F
ChLi ¥3-2 BE FdzPHe] AR{IE 3% ¢4& uf= evaporationA]Zl F-of
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W, Al, AgS8| backingdll FHAA AREshY A RelME AU EAst
UEE = 9leBg AN Li FAT A & £ D IAR AMRY ufo
= ¥

2. H'(p.n)He® o|-&

a8 51004 B 4 & ZAE H(p,n)He® #Hgol 23] HAEE ZA4
Al= Li E3 & AMEEE ZfET B2 AU FHXE BAGsiEd,
peakE 2 MeV ol 2SS ¢ 4 9l HY(p,n)He® #3-9] threshold oy
AE  1.02 MeVolil =t olA|7} 8.35 MeV 2d  wizirl:=
monoenergetic F/4AHE A%t AAPElE S92 S dubEQl ®3
& A}% & uf forward WakollA 10" - 10° n/sr. A A7} AAHHCHI].

E HZH ST o|&AE gas HElE *}%3}7114 titanium ol F4 A

T Li 38 A Yol dAXI} £& backing B3R o] evaporation A|H
A ARESH= 2 7HA] Yol Utk Evaporation AlH AR&StE Z-fol iy
slof ¥ APE Lid Feo FUsht 2 Yo 40t F4EIERH
outgasing®lX] UEF LT E =T o E FR|AF o} ¥Ti=s o] F
72 aesjol ¥ Al¥olrt. F4EFo| titaniund 9ol AYLEE 250
°C Axo|t}. Gas FelE AIRY oo = beam window?} beam stopo] &%t
t beam stop EZEZ& backingel AHEEl= EFEo| o|&€ 4 Qlrh gas
EAY AL 713 203 BEo| beam window QY] BE% UARI 4 uA
o A 4 um 5AY Mo, Ni, W, Havar (alloy of Co, Fe, Cr, Ni) o]
AM2-Ht}, beam window: beam loss& Zo|7] 5] 7}5% 3 GowWAT
ARRE Aok st AR o Bfddes € dd EAVE AZs]
S| 2% beam windowE& JZtr]7|= wbHE 2 3lof 3cl HA gasxAE
WAL sx 3l o832 beanm windowE THEO] Alolrtolo WAL E
Y27l e 28 E 4 Qo
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3. Sc**(p,n)Ti* o] &

Threshould energy= 2.91 MeV o] o] oUz|efA AMAEL ZAzl:=
Aol d 5.6 - 52 keVe] U ERE 7pzch 2.95 Mevel] =S A 1
7] Aefell =d3tA Ho thE olyA| 2§ F4=7F AA4H"HL A=)
o= 7} 3 MeVoll =ESHH ground state} A 1 o 7[AdefollA BAEEE F
‘Aol ofol wlx=3tA Hcl,

A 24 34 ol&Eok

GeV Folste] oUR|E Zte FEAE o &3lA &R 7147 F4=
E o8 & U= ke F 5.2 Ugsidrt

..... R W Tame

| AAZ 10" n/s 4 MeV(Z4ZHe)) cW

IHEA FREA | pulse & 10% n/s thermal ©o}3} pulse

F8A 3 £3 T4 MeV o]3} pulse
g3 2N EAH 10"* n/cn’. s 10 - 20 MeV CW
BNCT 10’ n/cn’. s epi thermal CW
A4 A4 thermal cw
radiography 10° n/cw’. s thermal CW
WAE 24 44 MeV o] 3} cw

Capture Therapy), /%l =iv|ieetu], F/4=x} WAtEREA o] Q). o]
gt o] &-Eof FolAM udA=R, ZAERN FZEH, HEY ARAYH, T4
Hagat 52 4= st 4R ol MeV F BHAIIEG7IE ARE-SHA
£ AAsh7] oyl $4A By 39 A9l pulse beand WHE
Sted i AFHEQA B8RS 717E CF Hejol 2R Aoljirt, whebr] MeV
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F8AHE o83 AiH FAHAE ol&¥ 4 gl: EoE BNCT(Boron
Neutron Capture Therapy) o2 XZ7}2] HAIE FAHRE o] &3}
W3Rt AFEo] o] FolA Sttt MeV AAHRE o] &3 AatH ZA=LY M4
< YAIZY ol vlF) onz Yzt2 FAHRE o] A7V AR
A FobE WHESA stk 22 ulzt gk 28U Mev JH&7] FA=ldo]
YAZ 422 e 53 F4AY0] compactdtil dx| 7} &oldirie
Zlojth, =] BNCTY] 9ol XFY XEE FFHoF Ho dx|Fo]of 3]
t Al&”olB2E dxtze ezl HolMe dnt tiFoAl wolEox|7]7}
olFth 715718 Fpole el ojn At U 28 EFHOT go| B
FEol 9loerug HX9 ofygo] ¢rh =icleelmut walE E4o
Fole A7 HHIEZE o]FA o2 qhEoe] Zaltate] gle HWALE 7}
A ARE do2N, FRIL AAM UAEE JIAE + s EAY, Hal
ANE AL Yolof H= AR dAZI E £ g dS ¥ + o
th wekd E 5,30 uehd Z3} o] o] T4 AjARl MeV 7M7) FAE A}
& o|&¥ + qlrh

E 5.3 MoV QPALE o] &3] AW 47 o] & Fs Eol

Neutron
Applications flux - o
ner ode

(n/cm®. sec) gy

BNCT
>10° epithermal CW
(Boron Neutron Capture Therapy)

o|EAl =AMz} gr] ety >10° thermal CW
o154 Fx} WAEIEA = - cH

* B A FF-o|ut background Fof whel W
o|FAl ZAMA T ALY £ Qe Zo7 Ji&y] FARIYUY ¢ 7
#Hat cf®™1} (a,n) WSS o] &8 A¥ FARYo] iy o]EL FAx|
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M ol WAE Az gt

1. BNCT(Boron Neutron Capture Therapy)
7t e

B* %“’u"é% dzAe] Y GFHPAE FAAIR B%n, a)Li’ g
o] ¥ I3 5.400 kg Aol Urht deul dMEY A7 BE
10 pmol WhgAzt WASHE He'et Li'9] o]FARE 9 pn, 6 pn F=o|
th wetd WF 2.3 MeV A=l He'sl Li'Y o7t Ao At of
UAREE FolAl Hrh wetd FARAE & TSR A ARt
Aoz HEs= B UE3} F4A) 91°“°' ig’-‘# o UHREE F
d 4 ol ol MR 7IEY AEYHY . EEtey, WA A|
2 Lol & Ex] 9} glioblastoma multiforme(GM) —5-4 X EoF X R F
2 A8 gl M nZoAnt Az 11,000 HY AbtE fEAsla ¢
tH2].

oell diameler
10 mittimeter

G rtevotdetar
pathdengti

Bnm"\m

O3 5.4 QMR oY B%n, a)Li’ ¥

. 8%
1938 ol 1] 2o A %—A}om 228 o183 278 Aol 19504
ol Solol Mol £ UEst: B HYEI} GFHAE o8I F=
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HEG AR AMgste WHes uddo]l Holgith w2l BGRR
{Brookheaven Graphite Research Reactor)Z} BMRR (Brookheaven Graphite
Research Reactor)& AM&-§t R7|oll= R} o] ofgt dFdx|e Alg2} B
£33 E0] MEe] FEHOT Ro|A YL ol§ SO Fakgo] A
2 ZANE A B3l 1970dthel YRelN MTE BB A
U3 WS A AT FHAE Zabte e o8 Foz A
MY N2 AAE UFSHHAA BNCTO] thEt Balo] ThA AXIA ol 19809
of AR AAYHE AHES] AZsiACHe]. BAE A4 xeHA B
AYE AU AUYY FAARA 22 W) AT AT A4HD 9l
=d 8= dYFHAE ol &Y A1 FHRE o] R Utk mFelAE
BMRRZ} MITRE o] &3] A& AL Qi dE, /8 FAMz A3t
o|FojX|aL Qlrt. Zefel A B4 HYE ¢ l dF8AHET ©d 3ol
254,000 barn o]u} H& 6d'Y 52 o] &% W% AF7} FL 9lo] BNCT7L
ohdd NCTS] Zigd o= Zgo] =of 7iaL gt E¥ FY M2 8o A3t
FHARNLE MeV F BEAIIEIIE o] &3 TR ol oy A+
X o] FojR|aL Qri[5]. FufelA = 1996\ F-E] BNCT A7} A 3tEo] x|
IR E o8& A7t A¥FoI sttZ oA BNCTl U3t doj54
AHE @& 71 QholAl o8 sjFEM ol Hadt Ago|ri[4]

th "Wad 34 =4

vkl 0 g BNCT 13 284 BRI Azl ZAlEEE 102 n/en® AEQ
gl o]t 10° n/cn’ secd] FA4AEGOE 117 J18F ZASPH ETl whelA
BNCT €58 Z4214-2 10° n/en’. sec o] 4tolojol 3lal M Fofola dF4
A2 AHEEEH X 52 T3 AN AEHE A& st F4A
U&= 1 - 10 eV H 2] A4 FExI7t A ¥sict.
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2. o] 54 F44 dde e}y

7. 49

drleneins WS ol g¥ HTARASH YNHOD wo| AHE

£ 2L x-dolu RupHE o g3 APolth. AAH SN x-H F

& zupd ed eoeust Selsht FAHES B4 X-Mo|u Zupd it

2T2u7} olale AAE & S Wiy BE, $R/8E Ag RE S
o, BiATS FULEL AWM L 2 BA B3 Y= Sejaw

Rl A 42 dtienciust Wades euvcth Syt

Solls X-Holu} zhubdel uls) Fatejo] Bold FAL FI& ol 9

Aul

o o

T WE&EY ZAdl Felsta ¢4 WgErt FolA Eolut FI1E
Aarsled Sl =Y FHdLo oig vEgo] X-AHo|u} tuld el A
Wi Heg a8 JEEY A Ede fesich. 84 $4# ir]jes}t
I FE YRR F42E ol &3l 44E WE "ol BAste W
o {2 F42E o] &3t BRdEe A EAE 4xIEI AU #H
&7HA &7k tEE F442} sivie ety o8 s Fofoloew 2}
&3l gt 53 F4A viezz ] F FH{EoRl #EY FF= o
To| oFLEER o5 S AY £ U= thdelth. gtz F4
2} grleaztylel Yoyt 4 F43HG 10° n/en’ sec o] AFA
ZpRi] ol2¥t A compact¥t 7tG7IE o &3l FE3] H4te] 7HsEl
B2 ol F4x drjeety] AAF] o] shssith. =¥ F/4R
tle ety 34 ZlgdME VA difE i F4S sl e
ohd2 1 Wajolel & 4 glid obdE WA WESY AU AAA FH
2o HAS &7 AT AT Fr gast "WEL BR[| A3
Ze53, WEo| x=F3 HE T4 o]l glojA TR WY e
Digital Image Plated 7fU3lxr gt} o] WHES o|&3lH FAtA 2 x|zt
o] & o= tiere] HEof thEt A2 AA| AeA| o] FEL B
A A" dagne AgAe, A, AESo| LoldAN FAHAL 10° n/
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aif, secEXE image B 271L FFA|Z 4 2t} Digital Image plate W
real-time image processing systemS AFEY uwf 10 frames/sec o4}
(Micro-channel plateE AME-# uf 100 frames/sec Z}R] 7}s)8] imaged
computere] ¢J¥ 7hsste ZAALE U A=A T3 FT #Ho| JHssicl

. 3

FoM = HARE ol &Y 77t F2 o|FoA $t3 ulF Argonne
National Lab, oM SP4xi7HG71E o8& ol$Al whrieashme] 7w )
7 Qlgrct 92  Rolls-Royce and Associates®t Oxford
Instruments®] FFATE FPRIIEIE o]&3 o]FA AAFE AUt
“Jefoltii6]l. EZE o]FA Al2HY Je& AHAH 4 2 Digital
Image Plate A]2Elo]] cf3t A= Y& Fujirtlld AF7F £3BH Ael
ojtt. FudlNE FFUAH AT LA SHIEE o] & F4A 2
ghyjo] izt AF7t e A shtE F4= #rienety] FAE o]
L3t 7|&4F2 ASTM (American Standard Test Measurement) Aol 2]
5lo] F}E}SLE](category) I~V F Fielaig] 18] 7le4&Eol At Wel4it
JEoF 71ErPAA S e Aot

- 19953 8-94 : 20MM HEIT-SD, KM246 of3A] ZdAtel AL

(FA2<%)
- 19964 5-8¢ : HEE 3FE FAAY vz AL
(2] E| A} &3}
- 19973 1291-1998d 24: Jet Engine E{¥lE g o]= (Turbine blade)
WRZAHAAL A= (A43E)

LAY LAME 50 MeV HO|ZFZEE} Be EHO T YA FAHAE ©]
£33 Yrojeaely dFE +B st
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3. o4 F4A BAEEY
7t e

38R B A Uehs AT
ol F8AETU HIRMIS & o3f g B YozRy Yot Zo=
A EPAEE YEFE ZAubde Uzt i §4& AR gk o]t
54& olgsl YasE Hulde dURE FHULEA AAE £
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42 &2 S5 ANl TEEHA HFHHLE HEY + o] &
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AUth SR YAE E24E H LY + Qe ol 3 A vis) dofdry

o] shust Zhupde] whaely)
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ol £4% 4 olrt

2) IR AL

BRI = 33EA] §7] e e HFREAS Y FHste™
|71& ol st EFTel A3 T TR WAL Haks AR
A ABE A + orh olg¥ AP FHAE FAAA T 3
42 Hbg3) v ZAupdE St vzt A 7hed AHol
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) A D FUE ©A
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REESES] (n, y)oll 23] 10.8 MeVe] Zimpd& W&¥rh olad Y& of
&3l FEAE AU FUE 4R o] AL WEEE Zubdy o

UAE HA5d 3 B HUBY 47 RS WY £ g

n

glollA 37kA] F28=E WALEL 4 A& o & Ededl A& cidel et &
THE 3482 5480l tiErh F4AF Aol Wol Wad ZHeod= AR
& o830} 2T ARE UAZE JHATIo} st weld Aol
AZE E7Hssith. 3483 dHo] ok F=E oftE 27 € e &Y F
BAE ol = Jlom2 FAN AL THesiA AT F40] Tt
ottt BF o2 ujofdt FHA A&Ko2E HAPL Jheshd Cf-252 &
2] SHYLE AT wetA olFA FH47 SRS Cf-2528F W=}
2 F8A E F e 42 AEE FT AR F4A aE e
ZALZ @AM AAT HANE & uf o]-8€E = gt}
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TUAA F82 WAL E42 JdARE o] &3 FE £y ton
T E STUZE o] &3t tir]FY EX4E B4 5 d77 8=
ATH7]. olFA)e] ZF ol ulFolA D-T 3&-& B3] HAHH FHAE o
£33l 2 HE @At Walo] A FHo| 93[8] Cf-2528 o]-83t ¥R
7] AL Al&Rlo] AHg-3tE o it}

A 33 ZHALR

10X MeV FAPALE o] &3] FH2E A 4 A& whfol chsf &
otx gtm 2dolA Leldt FAEAE o8 4 e 3 IR Eolol uis &
ofd ottt & Aol AFE 3 7IR] o] &Eold] BF HEH £ QUES
Z4AE 9 4 9t RAA A s golErh. Zzhe] o] &-Eofo] that
7H g A& xlo|rt glerng 3 JIX| vhE FAHA|ARIZL o gl
£ 77 AYS dAFshor AT 12k BAH-2 371%] Lxof t} o] &%
T e AJAFE dAsle ZALR dAFith 3 F1A] o &-Fof FolA
W2 FEAE 273 Foks BNCTO|ER 7147] AfF= BNCTo| o]
AAsgict. 3 71A] o] &-Eole dFEA HYFERAE o] &3ERE Li RF
o] 7}& Hgtsltl. E 5.13 5.3 HE] BNCTROEE 2-3 MeV, 10 mA &
B 1S ¢ 5 dEy AYSY UL FERIH5717 3 MeV, 20 mA
o|lBEE FHANAHE 7o wWio] HAZIE 7 5500 JRpA A AlA™
S UeRjglEn BEARAIE Al LiCOs 5& A3¥ £ 93 EA=EE
H:0, D:0, BeO, Al/AlFs/LiF 5-& ¥ 4 Urh €F4x dYS4AE
Aefro g whEr] g3 &Y ZUE A = e Al&Ho] Hast
th. E32 &FulE 5 backinge] Li & 2|9 Hef7t H=ul 60 kW
o] o] UA3RE BE P3ta thel WY QUgRES 24A917] A
3l EA& tiltingA|Zith, 35 MNP CodeE AME-3l ARAIRE Al4bs 3%
of| g o] t}.
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t}. IC Tray | E54( MPPO)

e PPOK.T} J}go] £o], ARREE(-40TC ~ 130C)7} Wi, Zldxs
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o @7t ARYel EetAE, U4l Jdsleld wWaRE, 43 e
4 Fufe FHA], z}7]43d, 24217 0.07% F443

o x}ol g wlek, umix¥ XL} =glo] ZatEE o|RstH Eidol &
A8 zZAstAY dfe] "atol o3, AUl ML RE A 4. F
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AHE-

eGEAlZ} NORYL AEHLZ MAAZY HH., dE olxlo] 3Fyjo] o|E
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e ¥ : MPPO(Modified-Polyphenylene Oxide)
o oYX : 50keV
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EAAYS EAHA F4QA 10° - 1072/0 3} ol 10° - 10° /08 &
of MEALAE Packingslel £EY © EAs HIL Q& AAslel A
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H 7 & 7I57] AMEX =2 a3 Jjfjqt

A1E A &

HE71e Z1xdT, AEE, DA W Ag8eE AgEHI gle Hd
7Zle TUAEZH iy AxY dA A4, 234 71Erle, 23dY Jle,
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t 8 A% Y& F= ulHAZH Projectoltl. KOMACE #F HE 1
GeV, 20 mA (20 M)l LUEL] F4=} &(flux)E& ol 8= Hur| & s}
2 Qe U-2387 X Eol WOl Th232g HABSIShY, EY Wik W
ZI71E 1A7] o3tE €9 ¥7 AFFHoIm AMEL HBAUA Nz F7
B A& BBt A& FEHOE ¥t olgdxE KOMACE 714717t
THAE AdE s A& agste 2 TANEE & Jhg7 f4EAE
o, 7 ofux|el Beang ol§HEE AAste] ol§ HobE Tt T
o] IABAMEE AYHTH E, FH&717 BHH FolE 1 Gev W I
Hrl @2 oluRjofy ndARE o] ¥ i FPANLETAY FE U
203 o] 8& EZ O Beamd UE2Y = AJEF Fof gle Zo] A Tl
£ Uy 4R 4] ZeAse TRHE SRtk 4] Adel
& vE3 A, A7 & 8ste E of, KOMACY HE&F o] &2 UM
2 oA wi$ Zosith KoACY E&H HEE st F1 2715
WA AgAt AAEA U AYOD Bean o] §/SF o0 T 2 A 2
2o GRS Zab- £ustd 7HE7] MA U olgAMel HI welsiel 1
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A 24 uPgAe ol

214171614 KOMAC ol 2%t ujzfd = Fofe] A2 thedt 3wo] oy

gf, "Aje 24 FFo ulE E AU 7Hs3 ROZ A AAY it
Agt= v]A (Vision)& 473t Zo|Tth KOMAC o] Ailsh:= Teouix] of
A A thddt £E29 ¥ Il Folo] oA Hrh o|F EBEH
shH 297,13 )

(4

Proton Beam Complex

Nuclear Science
- Reaction (RI)
- Cross seclion
- Cancer Therapy

— Proton Beam [~

KOMAC - Nuclear Transmutation "« Plaslics
ST 1 |Neutron-Beam|{_,| = Femlo Slructure & Dynamical -Probes | .} <-Proteins
Proton Beam Piant{ [~ , . .
1GeV. 0.0 ~0.02A Production « Radio isotope (R#) Production - Polymers
eV, 0.01~0. C : ;
= Suberitical Reactor Developement . « Fibers
« Liquid Crystals
M 5 » Ceramics
uon Beam
I . ™1 Nuclear Fusion -Research » Hard Magnets
Pgoduchon

= Superconduclors

O 7.1 KOMACY 2J3le] A4atH 3y - &(High Flux) Ue HE

#of

ol MAWE ToJUx| - A (High flux) WOIEE 1 AAE o &ste
Bof, ZHAE WHAA olgste Eoke} Meson o YAEL WAAA
ol g3t Hobe tpEe 4 9lrh.
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A FIH0F o] AKIE FHBAL FHl WS AREAA FIIE F
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olEtt ¥ &2 F4A &2 A44EA JKEIlol ste] WA 4= glomn
o] Fokd M= oS 3§ Zlo] ul=2 Los Alamos National Lab. (LANL)
o] LAMPF 2} %4 =%2] Rutherford Appleton Lab, &] ISIS o|n, o]E s|uto g
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AHFE] e 4= 1284 MIE IR = #EA S 3
Femtometer (Fm) o|AeA= HrFor FAHUXE Uehfolx|L} 3~sub
Fo odE SR8t YAZ Hi 1 olsloHE & H3LE Uelddr) o3t
Tt 8-S S48t AlyAE Atet T o] BExsiA Uelde wIET) (
a3 7.6 ) AVFoE F4QA Yo thE gxtety Az zhgo] )
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2y (2 7.8 ), ARtFolrt divict el A8 Mo AN &

& Zeth

0.50F

0.00 ¥

neutron charge density (arb units)

-0.25 1 t i 1 ]

radius (fm)

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

a3 7.6
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NEUTRON, ELECTRON, AND X-RAY PENETRATION DEPTHS
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Fig.1. The plot shows how decply

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 x 10 meter) '

Material Source : from LANL, USA

2% 7.7 : Neutron, Electron, and X-ray Penetration Depths
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Neutron Scattering—A Primer

| Crystaliography Microstructure Structure

Proteins

Bacteria

Atomic Structures Grain Structures

- Size (meters)

4 Los Alamos Scievce Summer 1990

2% 7.8 Neutron Scattering - A Primer

Neutron Diffractometer+= 10E-11~10E-9 m% & oA EAJo] 7}1&=3}c}.
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Surface ]

Neutran

Netion

Electron

o]2]el = Duality, Electric Dipole Moment 2} Magnetic Dipole MomentZ&
7w (3 7.9 ) A&
n > p+e+v (n: B8R p: BB e SAHAL, v - FAWAD

2 Hr}

SCATTERING INTERACTIONS

s Beams o 2utrons, x rays, and

eecons interact with material by

. aifferent mechanisms. X rays (blue)
Scattering and electron beams {green) 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

, g@;ﬁ annalice ') interact by a second mechanism:

' 4 \_/‘ ~ \ adipole-dipole interaction between the
' magnetic moment of the neutron and
the magnetic moment of the unpaired
electron.

Material Source : from LANL, USA

% 7.9 Scattering Interactions

Tolux] FHAE BHOE YAt B4R oluxol Hastd Ax2E
A% 2MEFY FANE A 4 Utk M A%oz WY 4
9l de Broglie THA& 7bd 4 913 olZE 53 (Dynamic) WAl AAE
BAY 4 QA o

o)
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3. $&E}

7 B4R U EE o}
Z4718 ouxl tigEs ERshE ¥ 7.1 3 goh o] Ne Ry

AR, ¥yHHT ol wWE F9 H4 Al Bz pxel AR ehd
(probe), 122 $4 vl Zab $H o U714 due soy 4 ok
olEol Bt BE FobE AEstd thed g}
@ Classification of Neutron Energy, E,
Classified Neutron Energy Range
Fast Neutron E. > 1 MeV
Intermediate Neutron 1 MeV > E, >1 eV
Slow Neutron E. (1eV
@ Classification of Slow Neutron
Classified Neutron Energy Range
Epithermal leV = E, > 0.025 eV
Th 1 En =~ 0. 025 eV
erma
Slow 2.2 km/s, A =18 A
Neutron Cold 0.025 eV = E, = 5X107 eV
Very Cold 5X107° eV > E, > 2X107 eV
Ultra Cold E. < 2X107 eV

& Resonance Region of Neutron

100 eV > En > 1 eV
7.1 347 ovzE ER73 Y

- 120 -



L, ¥HF Rof (Nuclear Transmutation Field)

HESIE 422 48l U (oF 1007Hd) Actinide A|Fe] U4LE =
st HHZIES ABatstal ol dSo] &S] HZEY AZ4L A
of thgl vic] &} Algl= WXL 4LY] ALE oPA 3tz Ak o}
2hM ol & TRl AR AdE ¥ "ot ok AW 307 nFY =
gluldotdRE2}t glalole] A2 oA hPALLE doZa, iy ¥z
ol AF3| AYPE oUALLE 7|gE glo] K} hAE U=t A
Aol @Ea gtk JeE2E [AEA 7 oE R&E& st de
Accelerator Driven SystemS A/ ¥ Q7 Q. HESI= HURIEL
U-235 gt& ARE 3l glo] FEZRYH ARy sted WL v &o] &
gt ojugl R AAZL 21MZ|2FE 2L FHOE SolZ Zlo] oFEA
QL 239 UFEUES feby FE AF AAE uirfsia gl ol &
< ol B of Xt HelAd dAF A wiao] 9 7EW 1E9] ¥
H7IE7IXE dE3 @ 4 QL3 Thorium AAZIAE HHARE & T QU&=
Yy o] ool ¥ Zojtl. T o] HAHARE C0, A o3
77 HAE s 3, HEYH AYR|JL B3] Azl #EHB
2|3t FE Mol AEY Fytel] gl& Zolth (37 7.10)

0]
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(RiToliAX] AHH 229 ug)-

Fossil Resources

- Pelroleum}
- Coal
- Natural Gas

Chemical Industry

Plaslics & Textile Industry

b

Environmenlal impact

Electric Power

COy, SOx, NOy, -

. Weather Change

- Downpour

- Heavy snow
- Sea level up

of Ecosystem

- Anharmonic Cycle

Electric Power (Present)
from U-235 only

Long Lived Radioaclive Waste Reprocessing Eleciric Power
Ferlile Resources (PWR, BWR, Candu) Parlitioning ~ « Nuclear Reaclor
» Uranium = Nuclear Waste
e Thorium

Electric Power (Fulure)

= Nuclear Transmulation
« Small & Short Radioaclive
Waste (Molten Sall Reactor)

a8 7.10
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Tl B944 A4t Fo}

Q17| 2B Al - S Eokolld BgofEeo] o3t A7l IAZye
2 AEE PAPd 53] Aol Y3t A Wygo] FFE olFA Hrl
(Montreal Agreement). o]oll el & - FALE, UALE §o £&UAd ]
Fog Y y ALY $27F dold Ao dlAE, ofol thgt thu]ME A
ok ¥t "xlE F2 sNuiche} uiSo] FFstn Qla, FHIole Ao}
7t AAA Y EHE EF FF0HR gtk metA olxlof 2 Y FodL
Al g2 ARE Holal glonw, yAleY iy =4, FF 4 W =
T4 F ol Ax Lo|X Ydries AFHM & uf o] o] Fofo &3]
H A7l FAsicia 8 4 Atk FHULY o= ot FoplAME
1-123, Bi-232, Cf-252 55 ¥ £& dAY $ Qla, 2EI7 Agdelm
2 S5 olof st olo] WAt 8- 7|ee] A - Jde] Hasich

2t S48 4bgt Eof

olAIZtA] UrtF LR AMEStE FEA HALS At FI2YFEA
(Ultra Cold Neutron)E A}23t Small Angle Neutron Scattering (SANS) &
OFE 4AJf5PH Genomics FokollA DNA & F2E WAlHo|L} X-Hog ¢
+ o3 F2E A%l Y 44y FF hEE WAFLeEE E7Hss
™ Scattering length 7} {d4nultt 3A x}o]E ©o]F = Neutron 40|
Ssich. weltd {31 ARE HESA ole Zo2HY AgArel U
Aol HAUHA SIS G 4+ Ytk EY F4aLe Txel ME HE BHE
chalzl ol ZBuot olu)e} Engineering Plastic Hofo & 2L S7E3YE
S IR HF o] A3 dF53 BEE EA ot olYolx FEAL
8 AURAE d&LoR HE (F 37428 De Broglie Wavelength & A%
H3H)E o] &% AHF (Phase change)E #%Y 4 i, 2z Z2¥
W, Stress B4, 75 JA siAl ¢lo] €4 2o B Eal & sl8
<5, ¥ FE 5& U 4 ot o] TE EAlE RFIIY AFTA F
o] o] tigle]l 22 ARE Fo] AEIIFE o|EY 4 QA gl o
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2= Neutron & 718 AHAE o] &3t XuH disket, tape, o|H &%
Gl AGHATIt zero A NG A, ASZATA Y, C0; 7hA2
Polyner 3 A%g 7He7l st AP, X-4, ol eW3} Bol 47 B4
2] 24 EokE o|FA Hrl 53| FHAGUEI Hol dHe ol Fo
21el¥ Ultra Cold Neutron ARE Fol= 283 2= Holtl, oalA o
2l 7R AE BE F W2 EEREH &2 A HE HHY ¢E,
1% oty oY AR Gl il dF, Ei EF A7, oFd A
£ AT g2e AHT AT, EBou A7, Ay 47 5 sold 4 glol
e AR A3 Fopel AHER Eobyl AAE ZHolrh (Intense Pulsed
Neutron Source Progress Report 1991-1996, 15th Anniversary Edition -

Vol. 1, Argonne National Lab. %=%),

A p o A2 9EY Jled oY dEe AV E nidch 4
& Aol Axte] 200 FEZA A D A4 T o o] YU HIY
4 Q=S FE Fufolrt. I} o] B Ho] Adtolnw Uwe] 2
Hog YA & ¢ vt FFUE /MEE 4T Holth
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A3A AFAY SPYL W FAPY

1. +=3j-&

ol & e o &L JI&r] AL XIU|WAIRE 47 28
th¥ H A TR} Al o XAE FUHLEN ZF RopE ol &
2} 2FE ¥4 - 258 dER 4% W oH] Proposal £& (F=of o
T Item, £Q04t, £87|7 B& A 7| Fil AH&E) & FEit) A&
H od] Proposal-& ZA#ZQA AEAREE HAI AA (uld AFHA =%
714713t g2l Aol Zivhazt, 4td3d migdEate] iyt AAbh 23
AR F b7 AAdA] ol& e3it). UserE & o]&# 7iQlelU 1F
of thdled 2tz}8] Beam oUR|oA 8 ¥EE AFHuhl F& 7= o
dog A g &37} Aot siekslE ol i3t Ak RALE 3}
A A w22 &4E HAMU} o= WE FLE (Weighting Factor)
£ Project®] Fundingel utdsith E3t Ix| ¥ L2y =23
Fuf o] &t 7t W {x] RIS ulAdT Y o8 & JlePuA
o] sl B A 474d AY F 1xdzd sidEo] 94 wAY AMd
of whE& KOMACA| Y 7He¥t ©|&/3-8& 2ok =23 FAlol KOMAC Home
Page, A= o|Z%3] 9 uehE FHOE 439 F£AZAE AHAAHLEH
KOMAC Project& Wde] FH3l IUEY AHE w FH=f o] &2} S40
E&o] HES FAstgrh

=2,

J

o

TR th= 2t

7}. KOMAC Home Page &} © 2 KOMAC Project?] ¥ wl tr}lof3dl Potential
User&2] A2}t o H5=( http: //www, kapra. snu, ac, kr/komac)

Ll Al W U ¥ HMo g ofu] AFEIL QAL AU Project
of th 3l oA A% W 28 +3
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SRR
e LINAC98 XIX International Linac Conference (Aug, 23, 1998. 8, 23 ~
Sep. 1, 1998, AA: The Fairmont Hotel, Chicago, Illinois, U.S.A)
e OECD/NEA Workshop®~7} (Oct. 12, 1998. ~ Oct. 16, 1998,
At A~ SannoMaru Hotel, Mito, Japan)
th AXZFe AF4L WE W User Group ©HAIte] HEgo® FAAF F
A gAY HY, Am £33, JE 2%

e u|=} Fermi Lab., Argonne National Lab, APS (Advanced Photon Source)
8] User Facility Office W& W wWgl User Facility & Program XA})
o X JAERI (Tokai, Naka) (Neutron Science Center User Office ®l&
HEl User Facility & Program XA})
e QX SPring-8 ¥rE (User Office W&, User Program ZA})
o AE KEK User Facility &
gk, S o S HEINE XY le] Seminar 722} tlEo] AELER
B 2o MA 7M&7] B W User Programol oidt FEQIS52} KOMAC
Projectol thgt B7HE $&8ULTH F YYo2 UL FE
n}, KOMAC o]&/88 4R ZFAlE Potential Aread] =& B o & 313
slo] ZAAdol wtgd (7h&7] W Selznl 33 Y, AF o] - F I, IF
tiate] Fof. ol ¥AE ULT oA HEA| % - HY 2%, X
Ewor dE7h
oju] AAEe] AlE Fol UAY AHAZA KMACRE T8 AAZ 71
718 BA4E ¥7.20] Uehdgdch o] ol & 4 glRo| AHE F ¥
22 WEH, oUx] EANY &2 tEe] F71 Jutated W 72| 2
2 go| 7H5¥ KOMAC Projects] S48 AL A, AA thE 7i&7lete
APEEE ol deli PP LEN YIFAEY Hor FE3l Il
A 2AFAE IHAIE F7H Project® 7%= Zo| vzt sich. ¥ 7.2
8] XMoo izt Hx] WE, internet, ¥3F A, Seminar, VEI} X%
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o =

==} < = - N _
5 Bt 2 Ald B A o] fEof, AXojEUF B X
A} A3 o] KOMAC PrOJectoﬂ 237} B 2E st
Asceler-
ator | |pNs
LANSE | APT | SNS NSP ITEP Isis ESS | SINQ | KOMAC
upgrade
Param
ters
Ruther-
Labora-
) 1 an | LanL | Lane | omnL | gaEmt | mEP ford | _ | PSI | KaER
0 .
c ryt fJUSA | /JUSA | /JUSA | USA | /Japan | [Russia |Appleton [Swiss | /Korea
[Country {England
Beam
Energy at 2
Goal ©.2) 0.8 1.7 1.0 15 0.1~1 0.8 1.3 08 1.0
(GeV)
Average
Beam 10~
Current 0.5 0.16 100 1.0 53 100 200u A 3.7 16 20
(mA)
Beam g
Power 1.0 0.16 170 1.0 8 % 0.16 5 1 20
(MW)
Pulse
Lengthf | <1 s | 150 ps 054 ps | 2 ms, 1 us 2ms
Repetition| 20 Hz | 0 Hz] % | w0 | cw Wl sowz [mom| W [ W
Rate
Ring
Accelera- | Synch Synch-
Linac | Linac | Linac Linac Linac Linac {Cyclotro}l Linac
tor Type | ~Totron rotron a
Begini Desi . .
Status |Running |Running| R&D | o ¢l R&D 81 | Running | Design |Running| R&D
in 1989 R&D
Energy
. Tritium Transmu- Amplifier,
Applica | Neutron | Neutron Produc Neutron | tation, Ne.ut:ron Ne}ltron Ner.,ltron NETltrOn Transmu
tions | Science | Science " Science | Neutron Science Science |Science| Science N
~tion
Science tation

X 7.2 Accelerator Comparison for Neutron Science and Technology
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3

F7t 1S A2sle] 4 @ JZAT o] &3t SN Zt= 4. )

k= 7. 110] A &}

o] User ProgramE W3 9l KAPRAOIA] 2z} Bofe] AL 43 . 23}

THAE YAE 4 - Bl BFAAY AT 4 ARE A FIE ol E
Boz l Ax s £yt FHE st Zo] uigAssich A%

AAY Aol Al oo} ¥ir}

Research
Institute

University

{nternational
Indust
v Co-work

USER PROGRAM -

Site & ‘ Accessory
Building Facility

Comprehensive Accelerator Design

| |
Utilization of Beam
Accelerator Utilization/
Technics Application

- I 7.11 3 23A=
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A4 T -9 A o] 8A 2F WY

1. =
7}, E38} 7}<%7] (Pohang Light Source: PLS)
(1) &= 8%

U 48 ¥ JHE7IE abgelch 1988 WA JHg] M ER
7t W&ol F 1991 HFste] 1994 124 EF= et ol F 19951 9
HRE WARE o8 A& YT
(7F) 71471

714571 aA A
A 2 GeV7A] 7H4H
WRE = PAE o]

=
3, 3L ¥ 7.33

Hrg71e Aoz TR vk A¥ Fh&7le)

7
il }% Aol dat=Elo] of 8AIZF AFE, o uf
| AF7t ¥ Folrh. 2y 7.122 PLSY Ao

% 7.12 PLS 7H<457)
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Parameter ] Value ] Remark
LINAC (A3 7157])

Energy 2 GeV-2.5 GeV
Beam Pulse Length ~ 1 ns normal operation value
Beam Current ~ 1A normal operation value
Beam Repetition Rate 10 pps normal operation value
Emi ttance (nm.rad) 295 @ 2GeV design value
Bunch Length 17-20ps measured value
Energy Spread < 0.3% design value

Storage Ring (A AHg])

Lattice Type

TBA

Circumference (m) 280. 56
Harmonic Number 468

RF frequency (MHz) 500. 087
RF Voltage at 2 GeV(MV) 1.8
Natural Emittance(nm.rad)| 12.1
Bending Radius 6. 306

X 7.3PLS 8 774

2% 7.138 747] S8R M dataclch,

19:23

07 2 4 ]

10 12 14 16

18 20 22 24

23 7.13 19999 44 14¢ 7157) M

- 130 -




(4) et
20027Hx] & 23702 Welle Fu|% efFolm, ) ool AAW
11718] Wepelo] AMgE L glch
- 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

- 8Al1 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

(th) <] of ¥
zh felly AT Fok= 7.49F Zrh
e} AR

1B1 X-ray Fluorescene Microprobe, Phase Contrast Imaging,
LIGA
A EHL] Az} e AT

2B1 (photoemission spectroscopy and magnetic circular
dichroism)

381 gas-phase experimgpt in 5-35 eV
24 w9 iAbE 53

3C1 zE XA F7 =% A%

3c2 X-/d Abgt AY, wpae] X-d ke &3
A EHL] M= e AT

4B1 (photoemission spectroscopy, magnetic circular dichroism
and photoemission electron microscopy)

4C2 polymer X & 52| small angle x-41 AlgF AI¥H

5C2 X~ At Y

8A1 3 3% spectroscopy?} spectromicroscopy

9C1 deep etch X-21 1ithography

11B1 Giga bit DRAM®- sub quarter um =3]% X-A1 lithography

F7.4 PLS Wr}Y o] &Fo}
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(8h) BA ol% ¥F

PLS2] o]& olzlie] AFREL} Zrl. 1999dol= 182 0] user service 7|
' E A¥Eo art.

1999 Accelerator Operation Schedule
-User Service __|—__]Mainlenance

278 4

8 9 1o RN
[} 15,16 17 18
221 23] 24] 25

3 29 30

26! 271 28| 29} 30| 31
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2. 29
7}. APS (Advanced Photon Source), =t
(1) 2 8%

APS(Advanced Photon Source)i= ChicagoollA] YA|Zo 2 ¢ 25uld Ag]
o 2l+= Argonne National Laboratorye]l $|z|3}:L Q= Z71AQl wlAlY o]
EAldojt}, APSE HIALH LI O F insertion deviceE LY 4 9= 34
o UARE Al EZA B AN AAdE Al Y 23 Ad F9 s
Liolth APSE VX mFolM i Zi whagdosM AES, oy
Az, Fep, AAY, wd, B, By 2ga ARG o2&
B9 AF-Fofel o &EH I gty 77140 A AL Byr)

- OCTOBERZ, ®97

3 7.14 APS A A
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AFRELS  APSE  CAT(Collaborative Access Teams)ZEA] Jzx|j&=
II(Independent Investigators)®] =R}Fog o]&3t37 9=y CATE=
insertion-device(ID) beamline®} bending-magnet(BM) 2.8 o]|Fo]2l sector®
T/8¥ beamline?] dA, AL U 7I5S HMUA| Ut} Zt22] beamlineS
53% el Ar=2a8S 93l A=Y 2 By w=F A3
¥ojglct. APS®] parameterg&> THEZF ZtTh Iela HIT dFY FU¢Y
storage ring? 715 Al E 2€17.15¢) el

(7}) &8 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 - 60

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 5m

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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(L}) 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

@ Positron Accumulator Ring (PAR)

Circumference
Revolution time
Energy

Bend Magnet
Bend Radius

24 Linac bunches are accumulated into 1

(3 Booster Synchrotron
Circumference
Revolution time
Lattice

Bend Magnets

Bend Radius

Energy

@ Storage Ring

Energy

Current (multi bunch)
---(single bunch)

Lattice

- 137 -

200 MeV at 1.7 amp
450 MeV at 8 mA
Tungsten

1/200

30.6 m
102 ns
450 MeV
8

1.0m
PAR bunch

368 m

1.2 nsec

40 cell FODO
68

33 m

7 GeV

7 GeV
100 mA
5 mA

Chasman-Green



Circumference 1104 m

Bunch Length 73 ps

Bend Magnets 80

Bend Radius 39 m

Bend Field 0.7T
Quadrupoles 400 (10/period)
Sextupoles 280 (7/period)
Skew Quadrupoles 20

Correction Dipoles 318

RF 351.93 MHz
Revolution Time 3.68 nsec
Injection Full Energy
No. of RF Cavities 16

(® Vacuum System (Storage Ring)

Material 6063 TS Al
Horizontal Aperture 85 mm
Vertical Aperture 42 wm
Vacuum Pressure 1 nTorr

(® Diagnostics (Storage Ring)
4-Button Pick Ups 360
ID Chamber Pick Ups 2/ Straight Section

- 138 -



Seven Day Storage Ring Current & Seamline Operatior History 21300180

L

Current in mA
“EEB8RBIERE

: H
Rpr 87 Apr 88 fpr 839 fpr 18 fpr 11 fipr 12 fipr 13
Tue fpr 6 1339 Date and Time Tue Apr 13 1939

M - Beer Aveilable for User Operaticas <+ - Beam Nol Available For User Operations

ool

ol

!

Number of (perating Beamlines
ernsoe g RIFREBRY
Lo da ek}

PR |

Rpr 87 fipr 88 fpr 83 fpr 18 Rpr 11 Rpr 12 Apr 13
Tue fipr 6 1993 Date and Time Tue Apr 13 1999

3y 7.15 #Z 4FY 522 storage ring 7Hs el

13} 7.1609] CAT (Collaborative Access Teams)E R.G=d] CATE A =z|3lH
T2} Zth

BESSRC Basic Energy Sciences Synchrotron Radiation Center
BioCAT Biophysics Collaborative Access Team

CARS Consortium for Advanced Radiation Sources

CcMC 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
SBC
SRI-CAT

UNI-CAT

Pacific Northwest Consortium Collaborative Access Team
Argonne Structural Biology Center

Synchrotron Radiation Instrumentation Collaborative
Access Team

A University - National Laboratory - Industry

Collaborative Access Team,

SECTOR LOCATIONS FOR

APS COLLABORATIVE ACCESS TEAMS (CATS)

To visit a CAT'S home page, click on its name on the diagram below.
(Note: Only undedined names are curenty linked)

SRECAT
=)

-|1-CAT (6)
MHATT-CAT
A a0
7/%; MM-CAT (8)
£ CMC-CAT (9)
N MR-CAT (10)

L (GEQYCARS-CAT (13)
ol BIOICARSCAT (14)
(CHEM)CARS-CAT (15)

NGT TG SCALE

7l 7.16 APSojlA CATA
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() ol g-Ropals
"] APSE CAT7E 4lo| Hol Zzte] 7 %o}
otk 0% 7bg 2RI Aol Thet B S0l

ZFR|SL o] & EH 3

t}.

i

¥

MAD Analysis of FHIT at the Structural Biology Center

Advances in High-Energy-Resolution X-ray Scattering at Beamline 3-1D
X-ray Imaging & Microspectroscopy of the Mycorrhizal Fungus-Plant
Symbiosis

Measurement & Control of Particle-Beam Trajectories in the Advanced

Photon Source Storage Ring

(u}) = o]& R

Ha APSOA o] 8753t A|7EY] 75%E CATo] ¥t gloew x|
25%7} 11(Independent Investigators)el] ¥ E o] d=u Ilo] &3] H&H
ZAAGYM = cATo] &3 AEElo] APSOAM QA& WAHCE APS User
Officed]] AAZM 7} AEEHA HH AZA AAAYHME AARE ¥+ &F
SHAIE R o] % FEAFE S £33t HAY CATE |7|A "l AAAZYA

HAE ABUE Bal TR 4 gliul By Fal thet Pt

http: //www. aps. anl, gov/xfd/comminicator/useroffice/I1prop_form. html.
HIE 19999 % APS 7] SIAYHLE o rh

- 141 -



1999 APS Operations Long-term Schedule

25 27 ] 28

Janaary Faheuary
M ] wilt [ 5 S i T ¥ S S 5 S
r 3 4 5 G 1 [ ]
E] 5 6 7 [ 10 12 3 E X 14
11 f 420 131 4 R} o] 201 2
7L ze 1 2517 751 268 77 271 78
29 ] A} 2l

W

Uarp Dipetations

Start UprMachine Studies

Schodaiied Maintenaots
Tu Be Determined

1. aboratoty Hobvdays

ANT Oz Thatne sl suligen e B
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L}, ESRF (European Syncrotron Radiation Facility), EU

(1) &= 8%

ESRF(European Syncrotron Radiation Facility)< 1988\ dHE] Adof &
35lo] 15788 beamlineoll Thal 1994 9HUEE J1E5E A|=tsigich =)
% beamline?] 7 5670E ©|F 40712 beamlineo]| A}R-A}Sof 7utE] o]
2411 G Foltt
ESRF= ©=H 1571=0] 7lsle 9= th=3 dF A|dEAN X-ray 49
o 23t FHE AFste Eel, 33}, AR W APyt oo
7]-4—;-‘4?_’ :1’— W SRATE BHo= AEEACE 1988d AL A Hrt
= Alol8] Aol wel ESRFe ZtA o] mt2& H|ge] AHeE &9H
3 glen zZhofA mAH AT FTAHHE YA HelE st Qth
B8 BFE& 3 7.170] Uehigich

3% 7.17 ESRF®] A 7H
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T8 #ANZa H4&S £ 7.59 Pk

=7} Hol& =7} A&
TabAs 27, 5% A3Ql 4%
5o 25. 5% A9 A 4%
o|&elo} 15% ] 7] of] 6%
] 14% E 4%

¥ 7.5 ESRF 8 271323 BoE

ESRF&] preinjector= 16m Zo]&] M3 7}<&7]1Qdd] o|3ofA FHzxpho] A
o] 200 MeVzlz] 7ol Hrl 2l EF o] 300me] 10 Hz cycling
synchrotronofl ] AAPU-E storage ringl.E injectiond}?] Aol 6 GeV7lx|
7t4-& A 7IA "Ach

storage ringS Sd|Zo|7}l 844n2 A beamlinel 2] accessE 3] 64742
beamport7} 23X X o] qlc}.

ESRF&] 8 parameterS2 Th&2} Zch

- Storage Ring

Energy S 6 GeV
Circumference 844 m
Nominal Intensity 200 mA
Magnet Bending Radius 24,95 m
RF Frequency 352.2 MHz
Harmonic Number 992
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- Synchrotron Injector

Repetition rate 10 Hz

Energy 6 GeV
Circumference 300 m
Emittance at 6 GeV 1.2.10-7 mrad
- Preinjector

Repetition rate 1 Hz/10 Hz
Pulse length 1000 - 2 ns
Electron current 25-2500 mA

ESRFE= AMANA 2Z2E 249E& A3 A3Ac] YAEY o2 A choddt &
ofe] AA o]RE|Z gtd o|&XEA /NYH 407§2] beamlineE F7.6
of ehf&lrt,
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beamline title beaml ine title
High E
ID1 Anomalous Scattering ID15A Tg nefgy
Diffraction
HE Inelasti
BMIA | Crystal Diffraction | IDI5B nelastic
Scattering
BMIRB Powder Diffraction ID16 Inelastic Scattering
1D2A SAXS BM16 Powder Diffraction
1D2R PX 1D17 Medical Beamline
BM2A Anomalous Scattering 1D18 Nuclear Resonance
BM2B Small Angle Scattering 1D19 Topography
1D3 Surface Diffraction 1D20 Magnetic Scattering
BM5 Open Bending Magnet BM20 Radiochemistry
Diffraction & )
BM8 . 1D21 X-ray Microscopy
Absorption
1D9 White Beam Station 1D22 Micro FID
ID10A TROIKA A 1D24 Dispersive EXAFS
Absorption &
1D10B TROIKA B BM25 )
Diffraction
ID11 Material Science 1D26 XAUS
ID12A Circular polarization BM26 Spectroscopy
1D12B DRAGON BM28 Magnetic Scattering
1D13 MICROFOCUS BM29 XAFS
1ID14A Macromolecules A 1D30 High Pressure
1D14B Macromolecules B 1D32 SEXAFS
BM14 MAD BM32 Interface Studies

X 7.6 ESRF beamlines
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(2) ol-&&of 8%
(ZHE= EE%

2 ST Z1E2dels 23 AEHF Jleol @A, A4, violy
& T3 A2 Avhstar B3 Exlsol Y3 A& werhe Aot o)
g AR A F4ES Avlste HA S olslEr] s E 27 3AYd

A FEE Wsle Zol "UepFHo|th ol FHLR ALEHE el
-ray E|Zo|r}l, ESRFOIA HFAEL BAES FRo| Y AXE +¥3}
QAL ERE A mE P2 HY F& AT A MER Jes
< NP3t glvh o] FokollA AF7HA] EFY AIHE e 9o ol

whel FEHAE ATt WA AR S8l 9le FAlolth

T

o

(\hsha

Bt FopollA]  EAES ESRFY UAIRE  o|&%  absorption
spectroscopy, diffraction, surface scattering 52| Wi& A}&3le] 3}
koA BAFHLE A& + A= A ol4S 4 qUrt
ESRF®] 7}2}%t X-ray beamE 3] u|AIFt W&o L& A7t ulel
AFdte A& JbsstA siErh. §3] ol¥ FIWHE T A=
polymer?] #F/def tfst Zoldle AF7t 7Hestdct
(th =} =243}

o] A% w2 JASL 27 nAFRE Wi oEN olsid = ¢l
Tl ol v FR AL spectroscopy, diffraction, imaging T T}
@ Xray €SS AESlel BAHOT SuHD vk Ha) SRR bl

B2 uAlFE B4 gloiM 3o BAE Wl gt
(eh) 2ot
X-ray= AARAFE 2 g o|E27|7tA] 2¥EolelA Fadt S

AUl glth. ESRFY] AR AIEE Jled iUzt AdEo A=
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X-ray?] FHAE I E3IL gl 53| medical imaging FofollA] etz A
HE &3 gl ESRFY small spot size X-ray: QA2 o] ti3s] ujo)
Azule] F= F3e LB 3AY A4S A& AL JHssiA g

(nh)Eele

ESRFE Eaf A 7uUi%9} Be 2487 53t e INUF Ut =
A7E Fbssidel met $we Beldy Adde] 4uuol £ AAS 4
gt

(3) AA] o8 HH

ESRF A A3 2A=  Scientific Review Committeeolx] ZAo] Xy
ol AHEH AAAIME AESIY FTFS uwir|A Heoth 712 &3
T T8 7154 79 ESRFE FRE AMESH= 2ol 7hedd %, d7Z
}E ez wEsopyt gt 3 FE YA Fo| vFAE A
t 475 FEE ESRFAA +3sle Zlo| 7Hssith. 1998d%= WA] beam
time 1¥ollA 6¥7IR], el 7¥eolA 1999¢ 1H€7IAE 2E7]E2 Lol
A =gt HEARE BE 6FoA 7R AR ASKHIL o]F {A
H4E 9% shutdown periodE 7HA= L2 F9Ed=d 19980 2=
£ beam AME-7hs AlZto]l 95%E WA X T EAE Q¥ &4 A2
5% um|gte]git), 1998 xol] AH&H AAAHL F 13807 =l olF
oF Antell 3ft3hE 746702 AI7F MAF ] +HEHITL ol T3l 339¢
9] E=Fo] o AHEHIAMY & 542%o o]Ert. 2F 7.18&
19999 % 715 AlgAeltl.
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ESRF

1999 Operation schedule

ESRF

I
mmm_mmmmmmmmmmmm_m_mmm

]
m

mw

m

wpduiedby L Herdy on 23 Nox 95

MR h

23300 days

6%

Machine Dedicded Tima

2%

Wachina Shutdown

<A

] 7.18 ESRF 19999 =

-1
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C}. SPring-8 (Super Photon ring 8 GeV), =&
(1) &= 8%

SPring-82] A& 1991de] AJZE gt 2% 1997 3o Hx= o
A& A4stela 19979 10458 7Hso] Al&tEle] #xf 617§] beamline
WA 3L Q= ot 1997d 10¥ 7HF @A] SPring-82 AAlA 7}
Zr %t A3Mcf WAl A9l SPring-82] ultra-brilliant X-rays:
Al AR, A2, AP 2ela oErEokd A FulEE 713
& AFStaL gt SPring-88] FA & 1y7.199] Lehflch

A o

2% 7.19 SPring-8 A

@] X 2] Science and Technology Agencyt: SPring-8S ZAM|A AME-R}EA
A= FAHL A %"‘"ﬂ"ﬂi FAbstgTh dela dE 621

Z(JAER] )} Q& o] 3}3} 1A (RIKEN)Z} SPring-82] AlYz AMS gu
stelsr 583] SPring-8¢] 7]'%, Al W B, AR AAE g dE
Bhal% A4 (JASRL) 7 AYE gt SPring-8& ZRAHES ZJ|RE o3
Lhete] ZRet ALY AYPAZRE A4S ol gl=dl 53| Hyogo
Prefecture Governmenti= ZZAHEQS] AMIe] AA 7|435l9ct}t. SPring-8=
Super Photon ring 8 GeVe] ZSUWE A 8 GeVe] storage ringojlA] & o
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=] 2] photono] AFATE-E 2fu|gtrl, SPring-8efA4 A4tE]lE photond F-=f
o] Awrdel x-rayAX|o] ujs] 14w] AEZE brilliant3ty] T3
brightness®] #AE 1§ 7.200] JeEpfgc.

geoduced bya SPn'g-as 1
ndmg magnet . °. . -
w‘lz

Rotating anode .type
e X-ray ube

Solar radiation

“]10

Medacal B

Brilliance (photons/sec/mm2mrad? in 0.1% b.w.)

01 1w 1 100
Light energy (keV)
_ Hard X-ray

in!ra'ed ,\ﬁslhlelight )
unmvwlet/ ln-vacuummtmm

T 1 T ]

W 00 10 10 1 N
Light wavelength (A)

73 7.20 SPring-8oj A 8] ALY
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(7}) 9757

-Acceleration Energy : 1GeV

-Length : 140m

Azxp e 26707 AdeE wjEE 3m Zol® high-frequency accelerators
of &} 1GeV7t=] 7h&H Tl

{(Y})_Synchrotron

-Acceleration Energy : 8GeV

-Circumference : 396m

1GeV7Hx] 7}&H AR bending magnetsoll &3] ¥ A=E iz} 3
ojn} 8GevrtA| Zh<HLt.

(t}) Storage Ring

-Acceleration Energy : 8GeV

-Circumference : 1,436m

SPring-82] storage ring2 AAPNE 8GeVollA 20x17F oA FAAIL 4 Al
th Wl 78] RF X7t glolA] Wpalgel 2J7F ofux] &£4S& RF3HA
c}.

(2}) Beamlines

-Bending Magnet Beamlines : 23

-Insertion Device (4.5m) Beamlines : 34

-Long Insertion Device (30m) Beamlines : 4

SPring-8ofjA] 7§38t in-vacuum type undulatorEL ZZ oo AHES
QB33 gitt. o]# undulatorS2 W& F71H magnetic forced] P o}
ol TA sted olFH &Y shorter-wavelength WARS WA
A ¥t} beamline?] T|EE 7. 7o) Aelstednt

—
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beaml ine 72 o] & o} g
BLO1B1 public beamline XAFS A
BLO2B1 public beamline AR FZRINA A
BLO4B1 public beamline I dF ==

BLO8W public beamline JLo =] d[gkd Xihgt = I
BLO9XU | public beamline o 2w Abst NES |
BL10XU public beamline extremely dense state =5 |
BL11XU JAERI beamline ¥ e A4F |
BL14B1 JAERI beamline 28 A 5% |
BL15XU | contract beamline WEBRAM AAS |
BL16XU |contract beamline 25 A&t ANS |
BL16B2 | contract beamline 8 & AL Z
BL20B2 public beamline 2}l oju]x] AMdZ
BL23SU JAERI beamline actinoide @3- M=
BL24XU | contract beamline Hyogo beamline ==
BL25SU public beamline soft x-ray spectroscopy 5=
BL27SU public beamline soft x-ray photochemistry 5=
BL29XU RIKEN beamline coherent x-ray 4%} AMdZ
BL33B2 |contract beamline golx d ALSF
BL39XU public beamline Ea| 53 24 7=
BL41XU public beamline bio-crystal lography 5=
BL44XU | contract beamline Aol 22t A 245
BL44B2 RIKEN beamline ITZ BEY 11 V==
BLA45XU RIKEN beamline T+ BEE 1 e
BL46XU RIKEN beamline R&D 2 A4 F
BL47XU RIKEN beamline R&D 1 == i

¥ 7.7 Beamline %
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(2) o] & EoF ¥

(7}) XAFS

ol iz Hl 4.5~97 keV FollA XAFSS] tloldt SRALE S35t}
() 23 x84
o= Hel 5~90 keV oAl HAZ Alzto]l U3t clopst AHPS 4=
gte}.

o2

(th) & A7

bending magnetoll Al F-E] L} Q2= white x-rayE o]&3l & 1¢}15}o
A Az Fzsh BAol BY ATE +UYY,
(2h) Lolly=] ulgtd Atgt

ol Lyz] HL 100~150 keVe} 100~300 keV GHojlA] A3 JYx|= eldy
2% WId x-raygE ©[&3}o] Compton 41t EHEAE 4 Ech
(uh) & F3 Azt

hard x-ray undulatorZ A ¥ 39
spectroscopylt ERHF-ZFEY T2 AFE $3 g},
("d}) Extremely Dense State

in-vacuum type undulatoroflA] 2= high brilliance x-rays& o|-&35}
o FEefollMe 20 Tx2 E4S d-¥rh
(Al) == =zt

chorst BHEAHE ALESte] AtgAA AU AREY] E4S 37}
St AYE ¢RI
{o}) Actinoide 1

soft x-ray B%Y& |83l actinoided EFEZ WAM AR E4
& d7stes AYE 3L
(Z}) Soft X-ray Spectroscopy of Solid

high energy-resolution circularly polarized soft X-rayZ o]|&3}o]

A A7 A A ¥ EAFZE A7E +YIUCL
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(=}) Soft X-ray Photochemistry

soft x-ray photochemistry ¥ soft x-ray CVDe] ¥t ALLE £=3%
(7h Eel13e £

hard x-ray undulator& AF&3}o] x-ray magnetic scattering/

absorption ¥ zi& ¥zt AEI} FolollAq x-ray micro-analysis AF+E
S,

(B}) AthExF AAel %

AETE AvhEA FA EH‘I’_P ARFZEHE FYITL
(T}) R&D

o

c}.

x-ray undulator beam. 53| hard x-ray &gdeo thst zety, <3
R&DE <=3 2ir},
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(3) B=] o8 A%

19999 % SPring-8 715 AFAS

1999 Spring-8 Operation Schedule

{ . .{User Service

M Maintenance

-Machine Study

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

10

11

12

13

14

17

18

19

20

21

24

25

26

27

28

31

3 1] 2] 3B 6
7! 8 o 1112113
14115/ 16} 17| 18] 19] 20
21§221 23] 24 ¥ 27
28! 291 30
1| 21 3 11 2
445678910 70345'6789
11 121 13} 14 17 100 111121 13 RE 16
18} 19} 20 22| 23] 24 171 18| 19 B8 21} 22} 23
25: 26| 27| 281 29| 30 241 25|261 27{ 28] 291 30
31
1 1] 21 3 6|
52345678 777890111213
9 10| 11 13| 14] 15 141 15[:161 17{ 18} 1920
16] 17] 181 191 20| 21| 22 21| 22[ 231 24 3 27]
231 241 25} 26 % 20 28! 29| 30
30! 31
1 3] 4] 5 m 3 4
6,6.789101112 72.567&910'11
_____ 13| 14} 15] 16 8 19| | ___112113|14 15/ 16| 17|18
201 21| 22 24| 25|26 19| 20| 211 22 '} 25
271 28] 29} 30 26: 27| 281 291 30| 31
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(7} 1999 = Aat7] o] &=} ¥
1999 E AHab7]o SPring-8oild +¥Y HA HAR$L 2587401y o
=7hd, JHdE ERshd ¥ 7.83 Hrh

o|-&=7} o]-&7|# 2bA 4=
th &t 140
e A4 96
71 A 13
A& 4A 249
5q il 2
A4 1
zz th &t 1
A4 1
a] = th &t 1
Al the} 1
A= ch &t 1
o|gte]o} Ty 3} 1
A= 4A 9
A 258

F 7.8 1999 d b7 ARz} #©3

- 157 -



2t ISIS, 9=

(1) A= €%
ISISE= =2 Oxford ZHlol] £]X|3t Rutherford Appleton Laboratoryoj

=2

2 AILE 3 Qi) ISISE HA (pulse) HElE FA4212} muon WS A
33, ZE AEE A% ASF @ A7 AlEE BR3t Q) 1SS
programe 7|2 &l Fols EE, A 2o Y Bof 5 =
3t glom 43t P AFrL US| AR k. el of
1,600 B xH&=17F 600 2] AES w3t M7l A¥ 74718
synchrotron® FAFEo] 9l ztz} 70 MeV, 800 MeV7lR] 714& €3ttt
AP M7 7t H o] 2o] 7I%El3l, synchrotron® QUAE uf HRAE
strippingdle] FdAE ulE F JM&GHEHTE TG SRS depleted
Uraniumo] 1} Tantalum®} ¥ AR ZE A ZH targeto] 53} spallation
g2 34 WX (high flux density) F4xME UAdAIZch 2zjx
graphite target 4l¢l3lod piond WAA|F|=U], pion2 muonl E decay
1A "t gt olu gl pionZt muon neutrinoE WAAIZT} F F4=L,
muon, 12|35l neutrinoZ} ISISHIAM Y tizte2 wAslD AH AT E 3
& 4 gl dulyl FEFe] gk 1§ 7.21 & ISIS A4 FHA FHE
o|l3 7|18 FAHL F 7.9 o FelE gL
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HRPD \

KARMEN
MARI
(GEM) oVs
oo o Qg Lo v
ECMUON FACILTY  amsR PEARL VT /0 i
' e
:"-,»'.«Iw‘f‘-'! ‘ '&_ ;
e
g Y
o0 !&"'21' BN sanpaLs
Sl gl ol F T PRISMA
RIKEN PROJECT HET W AR o (D
& Tosca V&Y B O

gLoQ  SUR ROTAX

POLARIS CRISP

VESTA /‘
L
I

g
s OSIRIS

2% 7.21 Plane view of ISIS

Ion source

H- source (Cs vapor used)

pre-acceleration

665 kV {(Cockcroft-Walton type)

Type DTL (four tanks)
Injector Energy 70 MeV

pulse length 200 us

peak current 22 mA

Diameter 52 m

No. of protons 2.8 X 10" #/pulse

RF acceleration second harmonic

micro pulse 100 ns
Synchrotron bunch separation 230 ns

repetition rate 50 Hz

Energy 800 MeV

Average current ~200us

Average beam power 160 kW

H 7.9 ISISY] 71718 8 33
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Target NEEE= F2 Tantalumo] ARE-%&=d], spallation ¥hgo 2%t =
82}t yield= ©f 15 neutrons/protono|t}. W¥zh2 $£yaojr}t, I &
B} chgdt A 2t HF 82 AFE 300 zAR &7 Sl 7

S 433t ol WA Cockeroft-Waltond o] &3t pre-accelerationS
Radio Frequency Quardrupole (RFQ)E thx|3}= Z}¢jojr}. o] R ISIS
o A ¥ AFE &7l #siMolck. Telx 300 zA H ion source
i ZH¢do] ISISR} ESS (European Spallation Source)E ]3] 438 Zo|t}.
Synchrotronoll= Hzl|l 67§¢] second harmonic RF cavityZ} dx|% o] &R F
<=l o710l 442 cavityE © MAIY dlFolct. Iy 7.22,23,24& ISIS
745710l M targeto® MWW Fg2 Y AR FAE vehd Zeojch 7}
5&0] sinttt F71ES o 4 vk #7.102 199148 1997 d71R] ISIS
7V d%E& Yehd Zojth

1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997

3 o]& A1zt (d) 175 | 174 | 168 | 168 | 168 | 168 | 168
% target ©|-& A7t (Q) 135 | 148 | 152 | 155 | 151 | 512 | 153
Z =3 AF (mA - hrs) 366 | 533 | 623 | 653 | 661 | 621 | 672
targetol] A Hg WAF(xA) | 113 | 149 | 171 | 176 | 182 | 171 | 183
o HF 0 AF (zA) 145 | 181 | 187 | 184 | 201 | 204 | 197
Azt HF W AF (uA) 87 | 128 | 145 | 145 | 162 | 153 | 167
Z AY A2 (GWh) 43 | 44| 45| 50| 46| 47| 45

oYz & (mA - hrs/GWh) 8.5|12.1(13,8|13.1 {14.4(13.1 |14.9
¥ 7.10 ISIS 7} H3
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mA Instrument Hours

B RT RS ORD Y O 5001 G4 0L D8 by
Year
%l 7.22 Total integrated ISIS proton beam current

YRR WA ST S A0 JR = SR S IS JERE £ ) N & 2 M N T S S 2
Year

% 7.23 Average daily ISIS proton beam current

CYCLE 5 1998
9 JAN - 16 FEB CH4

1566.9 mAhrs, 36.67 days,178.33uA TANTALUM

%! 7.24 Recent daily ISIS proton beam current statistics
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I3 7.26% ISIso] MAIY g A¥ HAoich Zzg dusid chew
Zrl.
MAPS : Single Crystal Excitations, ©Z oA 3 olUx] 7] AH
eVS : Electron Volt Spectroscopy, ¥=}2] %58 B X3 Ay
SXD : Single Crystal Diffraction, Wavelength sorted Laue diffraction
and diffuse scattering
MARI : S(Q, @) Vibrational and Magnetic Spectroscopy, 3° %-E] 135° 7}
A A5 E AZY 4 3= Chopper #37A
LAD : Liquids and Amorphous Diffraction, glass, liquid, gas®]
structure factor A&, =x}7] A
PEARL : High Pressures and Engineering, ¥ &, 3¢ A
HRPD : High Pressure Powder Diffraction, 3L &3f% o 34
DEVA : Muon Test Beam, Muon development beam (user-supplied)
MuSR : Implanted Muon Spectroscopy, &3} =ul3kr g ‘0’ field
EMU : Implanted Muon Spectroscopy, EF®3F & ‘0’ field
SANDALS : Small Angle Liquids and Amorphous Diffraction,
PRISMA : Coherent Excitations and Single Crystal Diffraction, %z Ao
phonon & magnon &7, 3 3% ©AF A
ROTAX : Mutipurpose Instrument, 24 & THAAF A, texture 4], AR
=%
CRISP: Specular Reflection from Surfaces and Interfaces, FAX} BEALA|
SURF : Specular Reflection from Interfaces, X} BtAMA|
LOQ : Small Angle Scattering, & R FX AF1E 98t SR} Akt
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
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RIKEN : Muon Instrument
o|A} 23%2] Z}E Instrument?} x| HEE|o] A}LE 2 gt}

HRFD

DEVA

&

EC MUOM FACILITY _
MUSR Sg—joo-mm—ay;

® 5 i & -‘ PRISMA
HET § ~ t" ROTAX
TOSCA ) LOG SURF
POLARIS CRISP
VESIA

N\
&
ris@g OSIRIS

9

7l 7,25 ISIS instruments

(2) o]-& Fot 8%
(7}) CRYSTALLOGRAPHY

crystallography programe $% two powder diffractometer HRPD2}
POLARIS 28|31 single crystal instrument SXDE A}23tch, XE3ZF LAD,
ROTAX, IRIS 28]3 PEARL instrument& AlE-3l= A E Qlt},

(1\}) DISORDERED MATERIALS
o] Bol2] o= #Ha Liquids and Amorphous Diffractometer, LAD2}
Small Angle Neutron Diffractometer for Amorphous and Liquid Samples,

SANDALS 5 the] Diffractometer7} ARR-E|3 Qltl. a3 200 tfe] A&
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element7} & A" oAo|ny, k20| GEM (General Materials
Diffractometer)7} A A= 5L 2tt. GEMS LADE tix| & AHo|r},

(th) LARGE SCALE STRUCTURES

Soft matter, complex fluids, ¥™ 2|5 AW 3L SANS ( Neutron
Reflectometry and Small Angle Neutron Scattering) #HH|7} F2 AMR-ED
ot 22X pulsed®d F4AIL2 S3E& FHs17] ¢13f Loq, CRISP, 12
3l SURF 5-8] &7t AR&= L glth

(2}) EXCITATIONS

o] Fol] o= HETS} MARI 5 th®] chopper Ao} 7H3
geometry 2ZAQl PRISMA, 28|32 T2 31AAIQ ROTAX7} ARSIt}
PRISMA: critical 4tgtz} A Ao ALEHI|E ¥ch ALF FX& obF
3 Bdx 54 mjeto] A&

(u}) MOLECULAR SPECTROSCOPY

A g9 Bzl AFE A7 £ e EFAE AFstz gl high
flux?] AHolyz] F42I 2 S3leS B3 =3 HizxnAd = &4
L} w2 tunnelling #3358 A&l ¥t 554 37t 7Hs35ich

(9}) MUONS

Condensed matter®} |8 =2}¥t HobolA] muon 23S |3fA] MuSR, EMU,
)3 ARGUS AITHY] BAZL dxslel BT gk
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(AF) ENGINEERING AND INDUSTRIAL USES OF ISIS

ENGIN PREMIS programmeo]] wha} 1995 12¥of EC7F €42} tjEo] &
2§ ENGIN®] A2} commissioningo] #T¥ Atefolrt. E3] 2Ad 1d37)
ENGIN instrumento] sample Y€ % S 3 2 TV laserZ} MH|FHE
T A"E Jide]l gtk EFF Hx2 FFLF Eold Kol AR
silicon carbide reinforcing fibersol TtH3l stress &%, Hgzigo] i3}
thermal cycle-induced strain®] dynamic monitoring, AAX}¥] BAZ
glof] #AZ A7 Fol| o|FoRE T W FHI A7t JHedt Aol

o3

(]

¢

(o}) INDUSTRIAL USES CF ISIS

A A ISISE o] &3t FEEZE "2l Al 7HX7F JHsslich WA
A AY]E 2| E5te] beamtimeS FYUSH= ¥hHo| gith o] w8 xl2%
BT dFTAAE FNHL R WEoIE Y AU glo]l H|FAHA A7
2 %Y 4 ek TheeT tittal dAstel ASHE whol gled of
nhH o B3| small angle and reflectometry €-ollA FE o] &% it}
o2 ISISE A%HOZ ALY UiE Sof d7F gdsks wol otk
LAD?] elastic scattering instrumentollA] o]Fo|x|31 9l FINEMET glass
of #3E A, SANDALSOlA] o] Fojx|il QlE CFC refrigeranto] #F A7
T 82| ISISolAl o] Folx|iL = 2U3HE dzte] Ai-Fol AtdAlet A
We dAg Ad Zelth

(=}) RIKEN

RIKEN muon facility:= #x} AMAA 7} 233 pulsed decay muons
(m+/m-)2} m+ surface muonsS A|-ZL3}3L QIT}l. muon catalyzed fusion ¢
& 9% port7} @R f/do] =gt EZF ARGUSERRL 3t mSR AEE 9%t
port7} A=l gl RIKENO|AM & #a7}R] exotic magnetism, high Tc

superconductors, conducting polymers and semiconductor &3} H3l3] =
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2% 434 gela Yok

(i

(*}) KARMEN

KARMEN experiment+= 1990 d%¥ A7|HUAZE AZEYEey 2 £z ¢
2000%] 2] neutrino interactiono] Z]&FE o] EAEgr} oo T KARMEN
detectorof| A= neutrino oscillation?} anomaly observed neutral eventoi]

%ua 'T'-1— od_?_g Z]igt-:_l' 7-“12]0]5]-
(Z}) CONDENSED MATTER THEORY

o] Hopore o= neutron Compton scattering, inelastic

scattering of circularly polarized X-rayS-& XE¥s}s glth
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(3) BA| ol& &%

o &XES Y3  ISISoA = o]8At AYAIEF(User
Secretariat, ULS)& -2%3tal =u] o|3o| o]&=1e FH¢2f A =3
ol 438U Y& StAHCTL 1SISY beamE AME517] 3 AAAGAM =
sfufct 10009 oj4to] HLE 2 Qrt o] &S ISP(ISIS Scheduling Panels)
meetingS 9|3l o|-&-x} ArFEFoAM FHUA LT JIFEHA Hrt A
AAHA a2 Adejdl& T3l T8 + Qv ISIse A FLE TS
2} Pt
http: //www, isis.rl.ac, uk

1998 d =2} 1999 A5 2] ISIS scheduleS H7.1132 X7.126] VEhjglc),

Liaison

Cycle Start End Duration
Cycle 98/1 25 Mar 98 30 Apr 98 36. 3 days
Cycle 98/2 13 May 98 18 Jun 98 36.3 days
Cycle 98/3 30 Sep 98 05 Nov 98 36.3 days
Cycle 98/4 18 Nov 98 17 Dec 98 29.3 days
Cycle 98/5 06 Jan 99 11 Feb 99 36.6 days

H 7.11 1SIS 1998 A= schedule

Cycle Start End Duration
Cycle 99/1 19 May 99 24 Jun 99 36.3 days
Cycle 99/2 07 Jul 99 12 Aug 99 36.3 days
Cycle 99/3 29 Sep 99 04 Nov 99 36. 3 days
Cycle 99/4 17 Nov 99 19 Dec 99 32.6 days
Cycle 99/5 12 Jan 00 17 Feb 00 36. 3 days
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n}, IPNS(Intense Pulsed Neutron Source)

(1) Bz 8%
IPNSE 1981'dF-E 7He-& Al&sigleh. IPNS®] 742 chezt gt

p POSY
POSY I

\},7'1.

( , SAND
Ny, A%EUTRON
N\ E4y SCATTERING

: |
- PROTON 'z.\ //-k‘f | \\ LRMECS
; ro C AT GLAD| gp
,; r.,: Fi ; BE AM e QENS ‘l S}LPD
R \‘ : LINE HRMECS scD
o z"‘*z,__ . RAPID MLEUG

PRIT/ SYNCC%%%\&%OV bl ¢ 1T

ACCELERATOR ‘ R dul L1

7 7.26 IPNS®] T4 =

IPNS®] 7}457]+&= H- ion source, a Cockcroft-Walton preaccelerator, a 50
MeV Alvarez linac, a 500 MeV Rapid Cycling Synchrotron (RCS),
transport lines 12|31 ancillary subsystem (controls, diagnostics,
services) 22 FTA5o] Qlt}t. 71&7]= HAl average beam current’} 14
ol 15 wpAolA =zbstm Xt 30312 AR 3x10" protons (450 MeV)-Z
target® 2 KiujA Ht}. preaccelerator?} linacS 1961d%E 532 A
st e 1979d¢] shutdownd}z] AZIA] 12,5 GeV Zero Gradient
Synchrotron (ZGS)?] injector® AFR-E|¢IT}. RCSE 1970dc)] =uHEE] ZGS
2] boosterE A U 7] Al3stg =y Z6GS7} shutdown® ol uwhal ZpUAE
o] Zxtxjgitt. ril, RCS7} Z7]o (1977-1980) ZING experimental target
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FFsh=d 2oltirl 1981 A HAf2] IPNS targetO 2 beam

(7}) lon Source and Preaccelerator

H-ion source?} H-tjAdu|8]ESL 750kV Cockcroft-Walton preaccelerator
2] terminal® #&Eo] Q=u] H-ion source= magnetron typel A
negative ion< source cathode?] ¥EWHoA BVAE]|= hydrogen plasma®-
B 23 Ud&FE= FXo|tl, extractor electrode®} magnet poled
terminal ground potential®]il source A}t H- Ao IA 7]odst=
cesium supply S5 negative 20 kV potentiale] ¥®t}, H- beamd $4 ol
o] ¥ F AxES AASH7] 23] magnetic dipoledll 2j3f 90° 2 HAH
3 M 788 quadrupole magnetol &j3 F<&o] H THS preaccelerator® &
o] 7}Al ®t}. preacceleratorofA]= ¢t 30 mA, 750keV, 70 us pulseS ¢!

30 Hz?] repetition rate® FAA]ZIT

™

(Y}) Linac

linacS A7 0.94m, Zdo| 33.5m8 copper-clad-steel structureo]t}.
linacE 11708} sectionE FAEo] boltE HAAFS ALty dc
quadrupole magnetS XEFUII= F 124718 drift tube® FHo]Qlt}. magnet
8] ZAQ 12788 series grouplE pEolA] gl service flooro] $x|3%t
12 7H¢] dc power supplyollr A¥E FF¥ch linacd] AFE+= T4 2-3
x 107 torr AxEQlY 7tfe] ion pump®} 2tie] cryo pumpE SA¥ctl Wz}
lal e closed-loop?] WAl E B2} £ cavityd tunings FX|3517] ¢
3 2xH3l= 0.2 F o]t {R|Hcr}h 200 MHz pulsed rf powere
4-stage amplifier2HE] Lo]X|=u] amplifier?] output stage:= 7835
triode®A] normal operating levelo] 3 MW, peak-power rating®] 5 MWo]
t}. linacoll A EE et 50 MeV beam® RZHo] ¢ lem AEo|3l pulsed
current?} ¢ 10mA & =o|tr}.
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(t}h) Rapid Cycling Synchrotron (RCS)

RCS= #A%t FI&EYE Ad 7] synchrotron® 4]  six-period
machineQl ]| magnet structure: DOOFDFOo|5l EdZo]l= 42.95m o|t}.
ring magnet> 0.28TollA 1.0T8 X}7|AE& A3l beamo] 50MeVol|A]
500MeV7IA] Z71&ElE= 5 AA S beam orbital radiusE §X|3}A §ic}
8|3l 5 7§e] sextupole magnetS 30Hz programable power supplyel 2]3j
FE5E =0 o]& B3] betatron tune correction®} manipulationo| 7}s3}

=2

(2) o]& 8%
"zl IPNSo] A Elol EHE = instrumentd 13 7.27¢] Llehioled]
olF o|-& ¥HHE Aelstd thezt gt

(7}) 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)

(L}) 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 EXPHRIMENT FACILITIES

GPPD

AN \
HRMECS QENS GLAD SCD SEPD LRMECS

0o 20 ~se
bt L 1]
SCALE FEET

@l 7.27 IPNSof] AEME Instruments FA S
Reflectometers for Measuring Surface Properties

POSY (Polarized Neutron Reflectometer)
POSY II (Unpolarized Neutron Reflectometer)
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a8l 2%
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7.28¢=

-y N

(. IPNS

Th

¥RGe-3F

19989 10€E-E 1999 9¥

,7’“%

OPERATING SCHEDULE - FY99 9‘; g

October 1998 - September 1898 5 ;
Gray araas indicate run periods. Black areas mdicalo holidays. % Sy or .,
1998 November 1998 Decembper 1998
F 8 S M T WTh F 8 S M T W Th F S
2 3 1 2 3 4 5 6 7 1t 2.3.4 5
5 10 8 9 10:11.12.13 14 g7 8 910 1112
16 17 15 16 17 920 . 21 13-14.145 16 :17:18 19
23 24 -22 23 24 25 g4l 28 26 21 22 28 26
30 31 29 30 27 28 29 30

1999 Fepruary 1999 March 1999
F S S M T WTh F S S M T W Th F §
Kl : 1 2:83:4-5°6 ‘1..2:3 4.8 8
8 9 -7 8 - 8510 11 12 13 7 8 89 10 11 12 13
15 16 14 15 16:17:1819:20 14 15 161718 19 ‘20
22 23 21 22 23-24 252627 .22 2324 2826 27
28 30 28 2829 30 31

1999 May 1999 June 1999
F S S M T WTh F 8 S M T W Th F §
2 3 ‘ 1 Tt 2 83.4.§
9 10 2 3 44857678 LeET 8 910 12
16 17 810 1314, 15 13:14 15 161718 19
23 24 1617 199197207217 22 2012122 23 24 25 26
ao 23 24 25 26 27 28 29 27 28 29 3¢

ol

1999 August September 1999
F 5 S M T S M T WTh F §
2 3 1 2 3 ‘4.2 3 4
g 10 8 89 10 5 7 8 9 10 11
16 17 15 16 AT 12 1314718 16 1718
23 24 22 2324 119720-21:22°23 '24-25
30 31 29 30 31 2627 28 23 30

a® 7,28 FY1999 IPNS Operation Schedule
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"}, SNS (Spallation Neutron Source), U=

(1) B2 8%

SNSE 7H7] 358 S4AKNLEA 1996d5E Ad dA Eolzt o)
3L, 20009 Zof Fx] #HAE& Al3tsle] 20050 ¥F3Y AFe|th & AR
TFRE ¢F 139 $o|r}. ISIS (Rutherford Appleton Lab, UK)&} Zto]
spallationo] S|3) ZM=tE Aaksl W @aoluh, 1 FEU v (F4
Z}&, #Hrf peak &9, B &) oM, x| oito]l HRE Q& I
A 5 Hrfolrt. 2§7.29= A 7S e $8= U8 A3} SNs
S =21<44-8 v 23t AHolcl, ESS (European Spallation Source, EU), NSP
(Neutron Science Project, Japan) & o|Rrt} ¢ 2 &£8o8 AHAAFIE
olov sNS7h 7bE 2ol AW ZolW, I F 4 W o] Hope 3
8t 7|&€S o]& Awolt}. SNS+= ORNL (0ak Ridge National Laboratory)&
FAoE HAE e¥sle gloy AAAA 42 u[=FY 57 I 34
(Argonne, Brookhaven, Lawrence Berkeley, Los Alamcs, and Oak Ridge)”}
FEOT Syt 2 dPat ZAxe] AE BopE wol, 1 FEe A
A, A4, 21, 283 HAF dx AFE YAt oy A £33 A
A oy AA £ AMEL F2 PAL2 ¢how AJME oiEF A
2do] ® Zog AwdHch I3 7.302 SNS A AYREol ¥ 7.312
SNs x| zztzolth. A8 F8 FF2 FE 7.133 Yt}
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a7 7.29 XY vl =X

mrig {Beam on i’arget)_‘.:

: VP}ojeét Compieliohﬁ

% 7.30 SNs A AE

174



lon source
LBNL

Accumulator ring
B

Experiment
systems
ORNL & ANL

% 7.31 SNS
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INITIAL UPGRADE
1.0 My TO 2.0 MW
Pulse repetition rate (Hz) 60
Peak ion source H - current (mA) 35 70
Front-end efficiency (%) >80
Linac length (m) 493
Linac capture-acceleration efficiency (%) 100
Linac beam duty factor (%) 6
Linac final beam energy (GeV) 1.0
Accumulator ring circumference (m) 220.7
Ring controlled injection loss (%) <4
Ring orbit rotation time (ns) 841
Pulse length at ring injection (ns) 546
Kicker gap at ring injection (ns) 295
Ring filling fraction (%) 65
Number of injected turns 1158
Ring filling time (ms) 0.97
Protons per pulse on target 1.04 x 10" 2.08 x 10"
Protons per second on target 6.3 x 10° 1.25 x 10"
Time average beam current on target (mA) 1.0 2.0
Target Hg
Beam power on target (MW) 1.0 2.0
X 7.13 SNS A= -4
(7}) 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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(1}) Linac

Los Alamos National Laboratory (LANL)

acceleration : from 2.5 to 1000 million electron volts (1 GeV).
linac length : approximately 1500-feet-1long

beam handling & diagnostic systems

(t}) Accumulator Ring
Brookhaven National Laboratory (BNL)
Role : bunching & intensifying ion beam
linacol 48] ®! pulseRT} <k 1000 vl o]AF ¢t
pulse width : <1 gsec

pulse repitition rate : 60 Hz

(2}) Target (2¥ 7.32)

Oak Ridge National Laboratory (ORNL)
liquid mercury target

moderator : water (A2 FA=} AAl)

20 K 4 (AL S} A4l)

BRI Ovter shieiding IR At AL

8! 7,32 SNS target
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(u}) Instrument
Argonne National Laboratory (ANL)
BEE dule oz Aol UxAI vhzk 23l 7,333 o] AR

Ly ey

%l 7.33 SNS instruments 7j=¢%

Az 7]
target station : 17§
(water moderator: 27§, 20 K hydrogen moderator: 27§)

18 beam line
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(2) B ol & &%

HF28 F4A A= 10 JdHe] Ao Reg, 3o Yy 3
Z ztofoletEA] AMELR AEY Yol W TAE Z3 Q). o
HAE FHINZL A2 AAE @7930A] SNsoflAl= thEel dA" 2o}
oA FFHUA S @ Zoltt

s}s}
7] & ZAE
923 A=

e

Polymer

Disordered Material

Complex Fluid
23

3) ol & dZx

SNsoll = 4tgAlel A-PAClA chef |zt 1,000 oA 2,000 ﬁiﬁ
AHSE o o&stal glrt. AR F44= Al AEI} °]"rl
E uiv]3] SNS &2 instrument AE-& 93l ¥R, J|&AE A *}%
2ol HE =2 oAo|tt. 1996We]] JHHF Users Workshop on
Instrumentation Needs and Performance MetricsollA] AMER}IE-2 A ¢4

Z7]o 10708 42 A48 instrument& HAX|YE A& XA}
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A}, ESS (European Spallation Source), EU

(1) &= 9%

¥zl ISIS, LANSCE, IPNS 58] thZt= F2482kddol A7le shu, F4=}
ARt AEE O ZFxY Aoz MY $AE ztn rt. RE 3} Hof
2] F4=t o] 8AEY ALE AL ‘O &S FuUx} B ot 4
A2 WS F4AR= olul I AV Eo] Yrl ) 23HE F
47t B2t ISISETh 30u) ol4tolth F EFA4=} ol Huf 1~2 x107 n
cn? s Eo|th, ESS: o]obzte A A 87 2AL FFAI7] flEA
A 717 58 F4AHAo|tl
ISISX T} 30u 73t 2} Hche] pulsed SAAZXINUE 23t instrumentS 3
Al S AA 2= of 4= Hul 71X 8] effective intensity gaing ¥
T Atttk olF A o7 FokllA 2 91¥E& UHSHA Hch EAFME t}
=2 Zrth

- AZkz B2 BFoA A EdlieE €& + Urh
precise structure refinement of increasingly complex systems,
excitation spectra of more complex systems,
dynamics of quasi-crystals,
spectral studies of biomolecules

- oA AEE Y 4 gt
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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- uhe e Azl HAe ¥ 4 Yok

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,

- AR AAYOE U S ¥ 4+ rh

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)

- Bt} 33 24 BEA & 4 Yok

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)

olg} Zre EJloA ESSE ZIEEYS, Fo] F7E Austriar Belgium:
Czech Republic: Denmark: France: Germany: Hungary: Italy: Netherlands:
Norway: Poland: Russia: Spain: Sweden: Switzerland: United Kingdom: o]

tlh olgolls I HALE Ayt Hojrl

1977 - 1984 1SIS 7§
1979 - 1985 National German Spallation Source SNQ E}A] XA}

(Beam power : up to 5.5 MW)

1984 ISIS B 7}%
1985 German SNQ AE FAl
1990 CEC et Wi @ XAt S482kd A3 A3
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1991 - 1992 Joint initiative from Forschungszentrum Jiirich and
Rutherford Appleton Laboratory (UK): ESS 7@ A% Workshop 7]
1993 ESS Scientific Council A ¥
1993 - 1996 5 MW ESSoj] thgt EU =7} g3 Aj 3}
Dec, 1996 ESS %&£ H A
Vol 1 - The European Spallation Source
Vol 11 - The Scientific Case
Vol 111 - The Technical Study
1997 - 2001 ESS R&D Phase

azf #3=5 gl ReDE thazt Zrh
ESS Accelerator
R&D work on Accelerator Components, at FZ Jiirich
ESS Targets
R&D work on Materials Investigations, at FZ Jirich
R&D work on Nuclear Investigations on Spallation Sources, at FZ
Jiirich
R&D work on Target Engineering, at FZ Jiirich
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 Jirich

R&D work on Multiplexing on Spallation Sources, at FZ Jiirich
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(2) &z dy

ESSE= 4 ¥ 7147], accumulator ring 18|31 F 7§e] target station®
2 AAEYCE 2% 7.34= ESS #Ax|e 2uzolz 3 7.35% sEiso]
1=

% 7.34 ESS 2%
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1.334 GeY LINAC

e e e e e e e e o T A e W e wr e e o m  a

AN 700 m o
\-.: 1 ‘:_
ACHROMAT | |/ -~~~ -~ -rmoos o e
i -
' P NS AND
\ RAmAcr lA Y€ lggms
\ .
] \
] \
] | )
1 ﬂﬁ”
BEAM OuMP ! ’
ACCUMULATOR
RINGS
(R=26.0m)
s
MUONS

&
S0 Hz TARGET . -..“4? g

—/’/}’ﬂ‘ \?' 10 Hz TARGET
4

\

\
1
A
L

a”l 7,35 ESS layout

ESS source -4

ESS source 732 Ttheol @AM Atgel 7%k Erl.
50 Hz2 PAAF ¥ FHd &3 5 ME;
Targetol Al 4=l ¥ pulse & 1 us o3
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50 Hz target stationofx] 5 MW W& 48
10 Hz target stationofjA] 1 MW W& 4&;

F 7.14% ESSY FR244E Fet Zolrh

Accelerator (targetoflA] ¥ &% : 5 M¥)
Beam Energy 1.334 GeV (H-)
Beam Power (Average) 5.1 MW
Average/Peak Power 3.8/107 mA
Linac Repitition Rate 50 Hz
Beam Pulse Duration 2x 0.6 ms
Beam Duty Cycle 6.0 %
Length (75% filling factor) ~710 m
Frequency of Parallel Operation 50 Hz
Two N?mber of circulating protons per2.34><1014
accumulato [F1N8
- Revolution Fregquency 1.6714 MHz
. Bench Length at injection 0.4 us
rings Dual Harmonic RF System h=1, h=2
Mean Radius 26 m
Beam Power 4 or 5MF 1MW
Energy per Proton 1.334 GeV
Time Structure per Proton Pulse 2x0.4 us
Energy Content of Proton Pulse 100 kJ
Repetition Rate 50 Hz 110 Hz
Prot?n ?eam Dimension at Target 60 mm x 200 mm
Two (Elliptical shape)
target Target Flowing mercury target
stations (Horizontal injection)
Moderat e B A H
oderator 27 H 2
Reflector Pb, D20 3z}
Average Thermal Flux 7 x 10" n/cn’s
Peak Thermal Neutron Flux 2 x 10" n/em’s
Decay Time of Flux 150 us

3 7.14 ESS 8 7
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F the] target station® 2 AAEe] Sl=dl shubs 10 Hz/1 MR A A
Z4z} o]&& 9%t Aolz, TtiE sl 50 Hz/4 MR tiZte, 1 B3
& 9y Aotk

I1S1S8] ZAE & uiges H<te F43 instrumentE AFsIL Qv b

2 gt
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Table 1 : Target Station 1 - High Frequency 50 Hz

a) Ambient High Resolution Moderator (9 Instruments)

Name Description Length

1d High Intensity Powder Diffractometer 15 m

2d Liquids and Amorphous Diffractometer 10 m

3d Single Crystal Diffractometer 10 m

1s High Energy Chopper Spectrometer 10,6 m

2s Polarised High Energy Chopper Spectrometer 10,4 m

3s Electron Volt Spectrometer 15 m

4s Medium Energy Chopper Spectrometer 10,3 m

5s Molecular Spectrometer 15 m

In Nuclear Physics Instrument 50m

b) Cold High Resolution Moderator (15 Instruments)

Name Description Length

4d Biology Diffractometer 20 m
5d High Pressure Powder Diffractometer 12 m
6d Special Environment Single Crystal Diffractometer 15 m
7d High Intensity Small Angle Scattering Instrument 10 m
6s Low Energy Chopper Spectrometer 10,6 m
7s Polarised Low Energy Chopper Spectrometer 10,3 m
8s Polarised Crystal Analyser SX Spectrometer 25 m + guide
9s Crystal Monochromator Spectrometer 10,2 m
10s Multi-Chopper Low Energy Spectrometer 15 m + guide
11s Near-Backscattering Spectrometer 40 m + guide
12s Backscattering Spectrometer 15 m + guide
le Engineering Diffractometer 15 m
2e Engineering Diffractometer 15 m
3e Radiography and Tomography Instrument 10, 30, 100 m
2n Ultra Cold Neutron Nuclear Physics Instrument 10 m
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Table 2 : Target Station 2 - Low Frequency 10 Hz

a) Cold High Intensity Moderator (8 Instruments)

Name Description Length
8d High Intensity Reflectometer 10 m
9d Chemistry Reflectometer 15 m
10d Small Angle Scattering Instrument 20 m + Guide
11d Polarised Beam Small Angle Scattering Instrument 10 m
13s High Intensity Single Crystal Spectrometer 40 m + Guide
14s Polarisation Analysis Near-Backscattering Spectrometer

35 m + Guide
16s Spin Echo Spectrometer 12 m
3n Nuclear Physics Instrument 20 m + Guide
b) Cold High Resolution Moderator (12 Instruments)
Name Description Length
12d High Resolution Powder Diffractometer 75m + Guide
13d Ultra High Resolution Powder Diffractometer 150 m + Guide
14d Polarised High Intensity Powder Diffractometer 10 m
156d Maghetic Powder Diffractometer 50 m + Guide
16d Liquides and Amorphous Diffractometer 25 m
17d Magnetic structures SX Diffractometer 20 m
18d Extreme Conditions Diffractometer 40 m + Guide
19d Physics Reflectometer 15 m
20d Small Q Diffractometer 20 m + Guide
16s Polarised Crystal Analyser SX Spectrometer 40 m + Guide
17s Backscattering Spectrometer 90 m + Guide
18s Molecular Spectrometer 25 m + Guide
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(2) ol Hof ¥

ESSE SNS¢} mpmAlx 2 Al2e AEel At BBy B4 mete] =
2 o]gHofolt}, o] Bote]l Fa4ol BAHE AL A rjrEe] olFy
o] FZol AR 54 AL AsA ol Fulslt ST Wl ojio]
th & R B 54 3ol A2 B39 el WABC Hz
ol2RE Mt} AAFo|n, Zstx, sPEF, 2 AuelM ALLE & 9
A ARE Austel e A% Emel BL dris Fo| A= A7 u
oletz & 4 glth. o| Eok: the3t gk

Polymers and soft matter

d

e

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

o] 2o ESSelM& ofid] AHEES At gt

Muon spectroscopy for condensed matter science and muon particle
physics

Neutrino studies

Radioactive nuclear beams

Irradiation for fusion materials research & development

Isotope production

- 189 -



(7}) o|-§ A%

Lo 17722 tiEE FAE  European Neutron Scattering
Association (ENSA)o]lA] ESS?] o]8 programS F%=¥ FAojtr}, 3juojc} ¢k
4,400 W o817 Q& ROT ofAstn glon, Ess 2ULE ESS A
olF of Rolold o 25Uzt fol A AAclN LS FABTIE obuM

B

& 23 gl

b
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o}, NSF(Neutron Science Project), &

(1) %2 €%
NSFE 97 QR Rl AFLARDOAN UL Yt ZeAEz A
1.5 GeV 5.3 mA ¥A=A} 71&7] Al Ades o
2 fste) LAY RofellA 71 2 ol7F Y shues AMF A8 AH
2] oM W3 ES YA HIIEY e EAAY L& H=HY
2% (Japan Atomic Energy Commission)= o|&} ai5d}o] 1988 =
ALY #7]82] partitioning®?} transmutation Q1T E 7280l OMEGA T2
HEE Aetst uwb gy, 2 F JAERIOA Y accelerator-driven
transmutation systemo] ThSt AFol EistdrTh EI Tefol F|2e B
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2t e spe] @E Tt zlste] ol ZEE PR Tkl 7
e E AR FEAEY 71€2A4 NsFrE AbH Rolth. #Af NsFE
A H|71 &8 transmutation £]ofl%E meson/muon production, spallation
RI beam, radio isotope production & TIEFH O ZE o] 753t B3¢ A]

A2 X¥E D gk 2§l7.360] NSFo] JiEEE vehg 2t

o
2
b
N
do

NEUTRON SCATTERING
FACILITY

N

NUCLEAR TRANSMUTATION \ PROTON STORAGE RING
& RADIATION EFFECT

BEAM TEST STATION

R PRODUGTION ASSEMBLING FACTORY
EXPERIMENTAL
FACILTY OF vtwyservice  UTLITY SERVICE Biome
NUCLEAR | BUILDING SUSLDH
TRANSMUTATION F él ¥_'
':'% INJECTOR BUILDING E
eronaseon couousnoouer  WANEIDNG
ACCELERATION FACLITY 0 1oom

%! 7.36 Conceptual Layout for Neutron Science Project
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JAERIO M= el OMEGA =2 8e) 7189he FaL 1.5 GeV oy x| 2} 100 mA
peak current, 10%2] duty factor& 7}X|&= AMIIE7E AYH 9dt4 o] %
71228 Foke} transmutation 5 THI3t g-8-FofoAe] Q& wFHA]7)
7l fi3tq 2A= *4'@'7}-#71 MEE& EUste ZIoE AHYE HASIYCL
ZAE 7H57lE A4 ITHAE HIE 93 FAHXYLE pulse® T2
Aol o|F 2vtAIE CVE upgraded oot ZXAE MYrlGr|=
bore size7l #Al beanEHE& &Y F Q3 HAFIIE7|8 Zolx SHolur:
58 AEE AU gk 372 XAE MA¥HIIE7]2] 71 E parameters
S Ryl

|
é;LmBFWQDEﬂL |
A A om0
e 0.453 |0.499 {0549 |0.604 |0.665 | 0.732 0.805 0.886
EnergyiMeV] 100 126 160 24 273 362 512 7% 1500
fC 0428 0471 0519 0570 0632 0692  0.762 0.841 0.923
'\('fof; 0224‘")"% 0| 20| 0| 2|2 x 48 %
AT 2T 4T 5T 5% 77 120 1 254
Lengthie] £90m

%! 7.37 Basic Parameters for Superconducting(SC) Accelerator

#Hz NSFo} HaAste] A3FZ<l RED itemdl|= TSR 2L Z o] XHHT}
el B 7.150]= NSF A3 71478 FL parameterS-S A @|stalc}.

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

Super-conducting linac: 600MHz
400ns (interval 270ns)
60%

RFQ, DTL/SDTL Normal-conducting linac:

200MHz

¥ 7.15 A specification of the JAERI NSP-LINAC

Accelerated particle H -70keV
Energy 50mA
Current 0.1 7z mm mrad
Emi ttance(rms) Single/multi-aperture
Type Volume type

Specification of Negative Ion Source

Pulse CW Energy

Current 0.07 2MeV 0.07 2MeV
Frequency 20 - 40mA -7mA
Peak field 200MHz 1. 65Ek 200MHz 1. 5Ek
Length 3.58m 3.91m
Pulse width 6ms CW
Synchronize phase -30° -30°
Wall loss(60%0Q) 325kW 300kW

Specifications of the RFQ
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DTL SDTL
Energy 2-50MeV 50-100MeV
Current 30mA 30mA
Frequency 200MHz 200MHz
Accelerating gradient | 1.5MV/m 1.5MV/m
Synchronize phase -565° - -30° -30°
Number of cells 179 85
Length 50. 2m 47.8,
Focus gradient 50.8-5.0T/m 8.5-7.9T/n
Total wall loss(70%Q) | 3.6MW 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

2.08x10" protons

Parameters for two 2.5 MW ring scheme
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3. 334

Thorium

Ti208( EE& 23322 SHH, U-238g
AHopsio] 22)

(]
Classification Utilization/Application Field g3 No, Ft:::w s::) Remarks
14
Semiconductor Irradiation . .
MR SiTAAX2] ALKl EMK - i .
tfor Electric Power .__,i B 1x+—t «tlu Mxj0] -1 | 22 (11.8)
. . e} Ziopde] B SHUUS 0|8,
Explosives Detection Sx0| Aass &5 -2 KAER{
I. Low Energy Plastic Surface Treatment | Bal~s| Mol oA =2 13 | 7.0 (@53 + < 10 MeV
(19.5%) & Polymer improvement ol22elo] o[Ft EHEAjo| & : -3)
Portable Neutron g’é?& “bgls .’F_AP\I;;‘ &é =X 56‘7(} 14 | 7.0 (353
R o Pty i
ron Neutron \ s .
Eamure Therapy) “B(n, « )'Li reaction 15 | 3.3 (17.6)
srospace Watarial SEg@AKe] K] SN A |11 | 1.2 (333)
Ii. Medium Energy  |—2evelopment . 20 MeV
(35%) TLA(Thin Layer Activation) | giAiloR SMISIAA DIDT &3 H-2 | 1.2 (333 e
: . ofdAE S ol DEMME )
. . 1.2 (33.
Proton Radiography DTS RasH Radiography s |12®y
1. Isotope Short-Lived New Medical YR o 2% BYRQe BB olg | 69 . > 20 Mev
Production  (6.9%) Isotope Production Rl Ala )
Nudlear Fusion Fumace 20MeV" FIALE U, BemAlol Ao | T, o (18.9)
Material Test BROLX] 10 MeV OJAle] EMXIAIAL . :
i [ Nucdlear Reacior material |
. High Fiux Nudear Reactor material | oo xy= 22 Zax ZAl A8 v2 | 57 @27) . 20 MeV
Neutron Production & :«ﬁ on Cross Seclion -1 GeV
Application Fagilty r ! A wiscioE ay V-3 | 57 (22.7)
(25.2%) ProGIVDNA. Srucure
Rf;:;m fuctar CHHZIONA 2 i V4 | 23 ©1)
Matter Property Research | SSAXMIEIE Ol=sl B2 B4 oiF V5 | 6.9 (27.3)
V. Isoto| N -
Seporstion, Faciity THF YRS 0lB3i0f 2ol 50 Mev
(SOL: Isot Radioisotope Utilization by | Seigd Eajof oift wAlY & v 207 ~ 1 GeV, TmA
ope ISOL izixle] MY, Z|xBelsolel 2Tt ' #Proposed by
Separator On Line) S User
(20.7%)
Vi. Medical Science . Bragg Peak 0|2, MEE &Sl= X )
Fadiiity Eumor Therapy by Proton siolol| 235104 XAL of9| X|E &2} Vi 12 Z?Umh;:ev.
{1.2%) eam st
- CiEY v|2ZE 4H
< ve v JEIE OIRE LY T
Fundamental Physics Pulse 4SR &7 8 ZAE [ Wit | 80 @6.7)
Phenomenon Research o] AAJslo] AOIntE o ’ ’
Vil. High Energy ET»E i%i%—?ﬂ
Proton Beam Facility el oo +1 GeV
0 o] XIZ|™ AAE
(17.2%) Material Test & Research Z°__srl't've Muon Ol Ea8 AP 8 1y, | 69 o)
ofiAX] YHEXE EaZRo] FHH +,
Muon-Catalyzed Nuclear - mol2 4y, Ol=wE F201 YUH, |, o | 55455
Fusion Negative F22 DT ionic 2AIE &4 ’ i
gy &7
RE SOl 120 B2 JREUIHE
Longlived Nudlear Waste | 0|8, AIZ® HNEE xfHa(s ¥ -1 57
Treatment Test solEl & wizbvlel £eE Hal ' .1 GeV
Vii. Suberitical 71571 a2 MAS0| AR CW. 18mA
Reactor Utilization EE olE F7)0| U-238 =21510] Proton Beam
5.7%) New Nuclear Energy By MEol SizkE 12%0i51=2 24
Production Fagility Test by | —Th-228 — U-233, Wil-2 KAERI

3F7.16 =R Z 43} Possible Utilization/Application Fields of KOMAC
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Low Energy

6% B Medium Energy

Olsotope Production

4%

. O Hgh Flux Neutron Production &
Application

7%

M isotope
Separation(ISOL :isotope
Separator On Line)

@ Medical Science

®mHgh Energy Proton Production

X 7.17 £2ZA A2 (1 ~ VIl 32 o]&x} o] & A% ZXH)
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Semiconductor lrradiation Explosives Detection
for Electric Power

New Nuclear Energy
Production Facility Test by

Thofium Plastic Surface Treatment

. & Polymer Improvement
Long-Lived Nuclear Waste
Treatment Test Portable Neutron

Radiography

Muon Catalyzed Nuclear
Fusion _ BNCT(Boron Neutron
Capture Therapy)
__AeroSpace Material
Material Test & Research ’ Development

Fundamental Physics
Phenomenon Research

@

TLA(Thin Layer Activation)
Proton Radiography

Turmor Therapy by Proton Z
Beam ShortH.ived New Medical
isotope Production
Nuclear Fusion Furnace
Material Test
Radiolsotope Wilization by
ISOL Nuclear Reactor Material
Test
Matter Property Research Neutron Cross Section
Measurement
Protein/DNA Structure
Research

H 7.18 QA A3
(I ~ VI 3o AT &5l tiyt o83} o}§ A2 F33)
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