TTISZE F55 | 20125108108 75

"SR Z B FRICIERET D
— BRI SOOI ZRARBEDER

BREREX - /NENlBR - ElE—RS &
I — E 7]

NEHR A&tk 2500M+ %
EBE BZ

ME)IEER 1 3 R & 2 (R AR)
&1 —ER § 2 MEHROME (BB 1)
= b A, 3 FPNRECEAMN I N D BEEE (E B - F T
il E— o D 4T RO (B 1)
CESyy 52 OB Y #7 (REHEREHIE)
6 & BEhCOBEEWE (BIEIREHELE)
7 & BEHE OB~ OB (BEHREYE)
8 T FUHHR O MENDHE (BUHREEY)
O HURTERIE L B (RRaRsy - TIIREE)
108 RO & 24 (atEesE)
1175 BRI ot (Rt RIA - EEe k)
Q&A

BESHRZEFT BICE. MEE - LF - £PF - EF - TFRBLE,
ZLDRHFOMENBVETT, UDLINSINTZREI S &R

. J A = U<, RELTTERIWRRERCOBVOHRETT,

}) }) —
BEEnronns Bo#ER FEE, RRREEBEHTTONLBBESE EICL. BEHRICD
WTSANIEERD L SERLTVET, BEEEPREEMICHD
H R DBRBHEAES EBASPE L TWRVIEERLE LEDT,

EREP—RDAICEHLELFATWEEZEWEE>TWVWEY,
http://radphys4.c.u-tokyo.ac.jp/~torii/lecture/radiolect-kn.html



ERAEHEYy NIREE X51R0cER
SCHADT7AILLINCE., BIFERDEERY XD 7 71ILHH D F 9,
=z NNUGHRZRIFZNICIEERT D — EfrSsbhhra3FABBOES —,

EHhHET. ESFTFERTIL, http://radphys4.c.u-tokyo.ac.jp/~torii/lecture/

201 EEEXH HBHFET
SEEE e 8

SN } "
/ 1\/?:«‘, 3 J

: = 1 /
omv

201 1 FEZXFH 201 2F L
FERBT—VEE FTERBT 7 7.,%%

£

ﬁﬂ%‘ﬁﬁ:’i .

‘ &
" @
S 2 pIN @
3
X%



BEEER TINERE

" Q electron
| l.'l‘" \“r}‘/ P
e @ proton
N @T} (neutron)
>N quark
nucleus @
~10""%cm
atom~10*cm ~10"%cm ‘

YIRS /155 - HE B BRE BX
(RFRMEF - mAUFRTFYES)

RRKFE BEFE/ KERMRE XLz E




E En%% rﬁﬁﬁﬁﬁ%J

QFBER
Q@ FE1 5/'|O(A)
Q@ 320@ 5/17 (XX)
Q@ 330 5/24 (XX)
Q@ E4[@ 5/31 ()
Q@ 3E5[@ 6/ 7 (X)
Q@ 36l 6/14 (XX)

@ 51 S 6/28 (X)

YIRS /155 - HE B BRE BX
(RFRMEF - mAUFRTFYES)

HRANF HBF

_ng/j(%lgﬂ?%b\/\jz'”ﬁﬁ

7

B



@E]

Q@FE2

Q%3

Q4

O

O

O

O

E En%% rﬁﬁﬁﬁﬁ%J

 wBEUED1T YV~
(5/10) m&y
L G
(5/17) (C

R (X ?

REME E DB 1R

(ETHRIER)

CRILE—1Bk. BERIG - BELBTE)

: RO EFNDIER ERFE (MFIREYF)
(5/24) HGIHRE BETRED $1iL
BEIRRDEHE (MHIRZEEEF)

[ RFZDERR (RFZYE

1

F)

(5/31) #&DERD (RFNDIFE)

@ES5

O

. I HERDFI R

(6/ 7) MEGTIREZHT - o (IGTHR

Q%6

O

: IREHRDAIE (BGTHRREHA
(6/14) 52

ES-))
)

CRILF— - RRFY

B2 (IDLRSEEF)



HERBFE "HHHRF)

@F10: EBEBERMEDTYV K~

(5/10) METHRE (X7
@E20 : BEIIREMEEDBEE

CRILF—BR. BE

(5/17) (2

@ 3£ 30 : MEIRDEFNDIERE

(5/24) HGTHR & EYRED B\

ETRRDEHEE (TR

P WA~ a

TEEIBFR)

(g R

£

Rt + BXELETRR)

e (BEREDF)

@ F£40: RFZDER (RFZIIEF)
(5/31) &P ERKRIG (RFADIEFE)

Q£ 5@ : BEHROFFE
(6/7) HETIREZHT -

o (EHRER)

Q@ E 60 BEIHRDAE (EHRETAIZ)
(6/14) SIXRILF— - RANFIER (IIRSERF)




=2y

N\
N
//\

_|_

0

IZE (AGTHR

N\
N\
/7

S
I
=
av
=

- I I R T 1.:1.. |

T S

e NG A MY

‘.rlmﬂatrhﬁ;:ﬂﬂmﬂxsaﬁﬁl:h.uf:.: .
. e ._,. Fartae o

. @TLoRR=oR/\ vl




e iR ET A




BF-EA T HDE n

EaifE, LLAIETHE, GM

XA D E R FI 9 2 BURET A -

(HAH—+ S25—8&
107
GMEtSE AL
| - |
BiESMIN |
107 | o |
I 'H
| |
TR 79 PR I I Vi
| |
10° | / | |
*&Mﬁﬂﬁﬁﬁﬂ : :g
l 18
10 I
. L
' | |
' | |
|
10 | |
, |
|
' |
I l\f
10 |
| 1 SR PR I
(%I PR EL P pESK)
| ] ! ]
0 1000 2000

BEEE (V)

S B+ +

BENBH D,
R
AR
‘ R
CNETOEBFORYE

= d ‘oM vV

GME

B (BBFELETAHED)

Bh l_ Ll
| mn T— )

+ A—2
1:37 AV | 7 3 @
il mr O g
\ AT IoY— e
BRk
R LAR £E8 &K
(+48) (—488) (PALITU+IFALT7ILa—IL)



DALV —FVI\— MWPC

Multi-wire proportional chamber




HERMETIC

GASEOUS IONISATION DETECTORS SOLID STATE

CHAMBERS DETECTORS

IONISATION GEIGER-MULLER SPARK PROPORTIONAL
COUNTER TUBE CHAMBER COUNTER

MULTI-WIRE MULTI-WIRE
CHAMBER PROPORTIONAL
CHAMBER

DRIFT
CHAMBER

TIME

PROJECTION
CHAMBER

J \. J
Y Y

TRACKING DETECTORS N N ’/  TRIGGERS

CALORIMETERS







B FIE{EE (PMT: Photomultiplier tube)

o W BS1/—F  RFLEL

v = =
(~10-32 D) —
=

_,.-'I=

(5o =)

V= HBEBNE =

Il
(LLufl

TIE1E

il
(Ll
NP
=t

_____________ _____ 233 3/‘/9:- l/'—gto)%ﬂﬂébt{'

i s R Rttt 1901 Scintillator

i sTR > D F OIS = 3
B ot o eETEEE




YrFL—=%
SVFL—Y (Scintillators)

BELXNI7A4 MIAF
Jl\\i% NaI (Tl), CSI, ZHS BaFZ,
BGO, GSO 7% &

B14GesOq2 Gd,S105

(YR Xi8)
A% -

TIARAF I VFL—%
|

(BF)
#1: PPO, POPOP / Y X7 L'y (ARALT)
kT v FL—%

#l:p-7L 7=V FLITV

FEAFIR SR (Semiconductor detectors)

%l : Si(Li) B, Ge *ﬁmaﬁ BIALE @) (1)
NETHR = BEE = Eijﬂ:ﬂ,?@ = B aLAlE
EBEX/VLR YA =T AT EER
WAV We="

= . -

TXRILF—




10

10

10

10

10

10

10

Y IRARY ML (Ge tRHEER)

[-131

\

Te-132

| Xe-133

== 1 T [T
-~

oy
Pb, Bi )(—ra*!‘,'r“"LJ

4

M ‘Wml

Pb X-ray

Pb-214

Uy,

Cs—137 [-132

=133

(LN

R

.'n
| “!i’*‘ .I -.Hlu -rl

——— Smear (11/Mar/15)

—— Smear (11/Mar/19)

—— Background

(a spectrum without a sample)

(Isomer included)

+ ||

o '-ml'l

Sk Ll ” |
T _ | IHI
‘E

Measured by Quantum Radiation Division, National Metrology Institute of Japan,
National Institute of Advanced Industrial Science and Technolog | ]

1000 1500 2000 2500

Energy / keV PR AT 1 v ¥ —IE



KHETFYRAEEE (B : GM P —_f X — &) ZBEBREET (B : Nal(TQ) ¥r—_A X —%)

| \/ : " = = ! 3 p o z » v " | pon
’ 3 ’ r f ..
: 7o
/ :
7/ |  ,
\‘\

@B FL—2ar B A A—-4 GMER Y =X/ A—=2 (ZHERE) GMEX Y- A—2 (FRBER)

WREFEX Y — M A—2 (ZRRE) PEFRY -1 A-%



REET (AABESt. BEMsHEHTE)

1wy '7_7{1'17?% 51 Fricke dosimeter
Fe2* + IR — Fe3*, TRJEEAIE

?b.a\\)l/ = ;]Z /2 &4 \/Xﬁﬁ%%l' TLD: thermoluminescence dosimeter

AR EDEFGR + BEHR - (I0E) - =)
BF - FANBTRIBICHISNS

LTI, el RS
Ay i
g

S — == I .,#.ﬁ,:""ﬁ il
=S 7Z%§E =T glass badge (RPL: radio-photoluminescence) J

FOEME D VERIESN TR + AR - (RBAHR) - =X
Ag+ — AgO,Ag++ FIEH I color center M TE S
N AMREET * NIV HTR = HEHHD (BE) @

N —y = OSLILUEINY Y ® |~
%%J”%Ul/ TRYE yxﬁﬁ% E'l' OSL: optically stimulated Iuminescenc_e

° ==y EEEEAE ML c 2
NT Y NIREST  BREE. FEMRILE e |
T4V LINy Y $RIEEE T )L, AgBr -




i Z K
25cm

9cm
“ . Lead (6 mm thick)
/ Plastic scintillator
A (1cm thick)
_ | | I
~N
Iy==kudl

cryostat &
target chamber

= X9 45 X
Y —) e"' e ,
(’ i, v X
Y 2 et e (BEFTERM)
et = ety (BB

front panel
(3 mm thick)

e” e’ Y (HIEmWE)
B v —

!

Shower counters

PMT
Plastic Scinti.

PMT



ELRILEF—RE




MIv)ARERR

GaANL LT
(1845-1923)

1895 %, FAUVOMBARELL MR,
RERRORBES I ROK— LR TEDNAS
RREORGHr K- LEERYEGT BIC
RABUHEREREBEI ., REMRE
Ko dRRENL-RERRLELL,
COERDEBLBLLDEIF D) £V
BRTx(Z9PR) REETHELL,

MBIV ARERER

GarALL- LTy
(1845-1923)

1896 &£, 25 L AMMBREERI LILIL,
BRESOLIIHVOEO+FREES . TOLIC
DS ALEMORBAETRETHNOSIFHLIZLES>T -«
LEVELE:, RTHEENRTIE+TROBH |
RoEYLEFSTUVELE:, D5V RFEOLOIC
REHTERNHIERTVEEIZ. CORE
ROULLR(RIZ7ZL27(a)BER—F(8)ART
HEZEHNHBIEETIT, RELELE,

—

BARSETEZEER

4 B *; 1) -
(1867-1934)

RIVLDHRRIZHBER I =Fa ) —K A,
EOEI—NEEHLITVFOEREMAELL:,
1B FIZIZVS VEENDIN BLOBEAEME
BOWRE - KO- HLERER.COEMZ.
EADMMTHEIR-5 U FIZSRAT
2itsht BRiE, TRMR) TRME) ©
E£THRTILHIVET,

YY—-FalU-—
(1867-1934)

PUY-RIUI
(1852-1908)
Wt TEERER
T =X )—
(1867-1934)

AXVADMBEEIF 74— FiE, 1903 &£
BHEORDSCOLERS-RBT RFOMML -
EHSLSIZIRMOBHERY S L ERY.,
FRAFRIZZA?7 (a) R.A—F (8) R,

PR
Ao (r) REBIHELL, MFR RbOZLEA 0
BLAATLV -4, CORRIZASLERE m
BIFMFELL:, |
P=RAMSYTx—K
(1871-1837)




M. Curie
& P. Curie

e P
L

\ | ¥ "B F | A B B Billet de 500 Francs Francais
N040731924 | | T, en circulation: 1993—-1999

ofRE NIV LEFR

iR = BEDE

500 Cinq Cents Francs

vﬁgﬁ% (BRER)
XiE AT (BEER)

o _.{. -y




s,
"':Qf‘ NF nm (102 m) eV

molecule

e 'ﬂjﬁ Ell.EE}I—I_ULCI\hemistry
}/?\%tl:% E——?ﬁ-\; Atomic Physics
A (10-10m) eV — keV
AT A NO—L HETZRIL N~
FOBFRIL bk
ﬁ@ﬂ? F9ANCA S VY )
,?r:tj:i }/??4(?(4:% f——% Nuclear Physics
fm (10-1°> m) MeV
JxLbX—=HKIL AHBFRNIL K

=¥

proton

gﬁ*ﬁ._jr'}l’%f- —~ Particle Physics
m (10 -18 m) GeV

& Hx-4

quark 7 hX—=KIL FHEFNRIL b



Z57 x— FElEL

Y7+ —RKDRFER

) DIZE IR

ZBRHAFICEWVWT, Po h'S5D ofRD

BZEREEDERZ LT ULV,

40(.|. 4Nl = 17O + IP

Al S DNDHIFH 40 cm LD

i%ﬁ&%%%ﬁfCo

(MR DEZEFERIE 1 IEZERHR THecmIZE)

-----

E Rutherfor

AD273409

o
B LOTD
RUTHERFORD

| OF
1

T
=T




Nuclear Science

Unstable Muclei
Epanﬁnn of the Universe Phases of TR e s i
- N e ekl e il A a5 e, ——l-l'.. B gL e, ras s el i M e s by b o ale e et
::-l——l—-ll-l.lu—." PR R T TR —— - il i, it Hu:l-nnr Matter e S S N —
el e o B e i o e Ty e b e, e we? Lars pmn :I-il-..-lu-ui-lﬂlull- e i U s b i b s b, i by s
e e - e el v [ - prvis chshs o vy o (- =l e ] e P e v i | - e R el wmladn Pl den predse
LSS - T . T e I N e s i e L s b S BB T
s e
e
- §
im0 T TR
it gl s e o
= o I.-.du e e
T, B i K L
-l =ar Jumm

Tire
Nucleuq

sEromg
ACUIFGn -
c freld
prroLon
guark

elecurom .|i_';.|:|cl:i1.'

held

Chart of the Muclides

T o e Wl i s i s ol i
s e el i, i, ¥ ]y [ e, i
*I#h#hlhu

*-—# hq—- MW
gl iy [ il T L [ L s . L
i, 5 sl |0 e e b g T Pt o o AT
g s, ey a i ciien Diitirey Fapbran Boesdo
coremee] @ e b |I|-|!!1-l—--|-|- v P 2l
o [Py RS e ey ﬁ.-.l— e b i el
e i [ =y -, [ —
L e - " B rarmrn e B oy e e el 6 o
7 B g T e e — b o et
I 1 sk bl By Blmjinta Brieiads ¢ Wi
- .y o R m ﬂ 'FI-F-'.:.- Hhﬂ-ﬁtﬂlﬂfn#ﬂ:
| — =
® Bt ples eiidis | e : '.'..‘T.'_'...,.p.......:.: '
et alaima - o e e g e e ey

www.CPEPweb.org s L = .

R i I B e R Ll N e A L e R g e e L e e — [T e e e e R e e = e s T L e R e




Nuclear Science

Unstable Muclei
- e P P e e .. 1) B gL e, ras s el i M e s by b o ale e et
::.-l—.—.-u-Ju—.-_.-hl-J—ll"l'.l-—. ’ —-.I e e e, Hl.tlE.r Mﬂt‘tﬂr B bt e i e e L e s e
T R R e L S e e o e ] s b i b s b, i by s
l-—-ndi n-ll-lnlnlllll- e o prawvss sheedd ol e ordre e e e, i bl g bl feat e e e | R —— e ] el m
Tl =y il | e dha v Semare e ey e e e pwea e e S e e B T . cdlees e o i b wcberead ahik
L e ey g
s = fig, ﬂ - pra g e by g e b L
& B i - = =
pu PUTERTD R TETY (-
T cHUE K [Tl A K HE-E -0 (11
— ey [ ol 1 — A i il el e —
vhama
i b
SasanaaEEIn
’ ssiBBisIZRIILIIIIEIGNEIN
ma.: ....:.u
iy
L2 Lo s dvionali
s : thr
“ neld
T e
ot
ﬂ:::_-m-“'-“ aEilf il - e
;h-—m"@] b SRSERISR ..-.-'- ‘ s Aﬁﬂmm“i
o e i ' _\.__ .-||-|' i
B, 0T el L0 e b b p ! ha'mn! r.l".lll .l'l"ﬁ.a.lﬁ
e - HI-' Spuon Daploraiion Rl Bossior.
—::: a!n’ “ma' m“ ~ g vy ey - — g pr———— i P ool
I a— '“oo 'm ! ' =it ] e b B e e e 'E-El-ln.p.l-
o - .“ : | T [Py RS e ey FY ST S Y e il i e B i el
mq-‘w ) " . - _l.J = ‘.{H' hl-‘*h_-b- l‘-——-d-_— **#:
: ai.. .“. 23 & =:"“ S bl el A " . F b . ll--i-n::':ru-—i
o | L] pervac
(H -4} - 24 :ul-l— T | ek Besieatans | e i | M Belia e ol
= o R m L T, I-Ig-l-l-ﬂ-ph-l.r'ﬂi.h il = LT
e [EISSEETERSFES Rl | S e = R N T ey E e R N s T )
lrmﬁﬂ - :-!n::——b = -;ﬁ?:_T | L:_ lhl-T;?: .
g g R e I B ey
mC[”E["nth.-ntg oo —— :

e T L TR 1T 5, %)
R i I B e R Ll N e A L e R g e e L e e — [T e e e e R e e = e s T L e R e



IBIEFMRA PR
RIKEN

@ W 37 5 BE A RIE 2T > ) s e e E?*Z%iﬂ—jﬁ

Nuclear Physics

x> 18/8
T DR

B S OMSHEER - i

| I BN y l
& a® i 4 . wam) 138

@ < i (8 W2 75 BRI
3 ST W i 04 7 23 18:55
#

(‘a__;\

T
T
3N

15 (Sn) 50 S ol

HIEIN

g orianany
2
1

RIE—L T 72 kL —DiEk
% 4 T BE A RIS

FEICEETERTE
chNFETICERRBENLRI
BT CRRENLR

| RFECFERY (BRTR)
AR (T woduit=)

‘ E&EG% T2 ERT-TETHE
SUET Wm#ﬁ‘ﬁ.ﬁlmxlﬁ

' &0
(0) &: ‘%ﬁ
T - f"

(He)z 4% 20 L ( )
¢ 8 (Ef RO ES) N n

=
13
||| BOE

Nuclear Chart &% X|Z&




IBIEFMRA PR
RIKEN

5 B NENL ——— 1 M

Nuclear Physics

EE¥ > 8/8
T E DR &

B S UORSEEER U " ¢ EEE%
Z (P) (Pb) Bfﬁ S

| i, B0 S l
T.m ¥ = i | M 13T

i,

iy
HiE
E:ﬂ

L
.o

R : (W2 78RS
5 a5 i . b4
2 & W i 04 7 23 18:55

&

M- e s

£
- ﬂ' s P mrnns . ad
{ll,_— (Sn) 50 i "6_‘59 an{iiHE = ‘DE “: wZ\ - y &
; ’ L7126 ’TF @A 4
Hifs '

133

AT (L)

®, |~-'_ VI P it
k -{Tir”h "H-*l *5"1

FRICEETSMTE
CHRFETICRRENLRI
BTl icRRENLR

| RFECHFEZRY BReTTW)
RES (T wadii=)

wp EFEGRTOCEALTEEY
5 CORRNERE)DEH

22
(Ca) 20 i iﬂf' ' — AN A = |
smﬂr = 50 TR T RBETE

(He)2 S~ 20 <8 et ( )
’ (Efi e RO ESE) PJ n

||| BONE &

[

Nuclear Chart &% X|Z&




HBEITE 13 Uut (v R=9L4 Jp?) £

2004, B JZHEENEKS

CSMIMES =227 RILACHES 247 3675 1o
- A gk TOF44.61 ns
l_ = '[-'\-l:ll T Il__.i— = "'-.h"l I__,-" ""\" C 3033 mm
2 . e I n N - 209Bj + 70Zn — 273113 + n w721 13N
- T oa. UAL6E MeV  MESNETHIL+F—
. 5 344 s pimESE
N Cla s, i - B4 111 3049 mm  REBOGLE
'ﬂ_ . _I-'r — YA LS Mev
o ! E . 9.26 ms
| o 27011t 3040 mm
= - el v}
L L [ | 003 MeV
_— 7.16 ms
B 2979 mm
o b i
o FFEEERFQ 415 ev AHTHILF— : 352 6 MeV
247s +154
3091 mm HERRHATERE: 55 47 fb
18GHz ECR- A /IR

204.1 MeV

GARIS ERESR et 23— July-2004 1855 (JST)

B2 SRRENDESS RILAC &RIFFEANEIHESRESE GARIS o i
(O sEmmTRss NN e

279 278

70 2091y 1
30Zn + g3 Bi — {3Uut” — [5Uut+ gn TNE TICHT TSR L Bt

B ANEASRILAC
BSOE—L
> S
2T it
'.'I:-En i
g .-""*:':!I;"]{:'
g
5 i 1) "ol
EER O //# > L | P77 iR
(E0VEE) g “FILT7HIE CEEET
FF#OMaER 113 ﬁ?&g;r Bl ~—5752. RENRNS
O hiT N LB H |J"{-5"7‘fﬂ'1m
? Sl o l
© B¥ 2111 B3 13ERORIREES

- i 1EEFT . BFEoRE (BFE&S) FiEds L. -zt
BE1 BEF&S 113 305 - ARl L TRTLEZED,



132.90

87
7 Fr

(223)

2

Atomic

Sym

Mass

4
Be

9.0121

12
Mg
24.305

20
Ca

40.078

38
Sr

87.62

56
Ba

137.32

88
Ra

(226)

3 4 5 14
C| & ‘ P H FERT ‘
Hg| &% 5% . - 5 B 6 .
H | S 7l T A 2B € FLR A 10811 12.010
VER tREE 7poyr TR g TR
Rf| Unknown ras 13 14
Al Si
26.981  28.085
21 |2 123 124 125 |6 |7 128 129 B0 _1B1 ][32
Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge
44,955 47.867 50.941 51996 54.938 55845 58933 58.693 63.546 65.38 69.723 72.64
39 40 41 42 43 44 45 46 47 48 49 |50
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn
88.905 91.224  92.906 95.96 (97.907) 101.07 10290 106.42 107.86 112.41 114.81 118.71
72 173 |74 175 |76 l[77 178 179 1j8o__][81 |82
5~ Hf Ta W Re Os Ir Pt Au Hg TI Pb
17849 180.94 183.84 186.20 190.23 192.21 195.08 196.96 200.59 204.38 207.2
go— §104 105 106 107 108 109 110 111 112 113 114
103 | RE Db Sg Bh Hs Mt Ds Rg Cn Uut Uuq
(261)  (262)  (266)  (264)  (277)  (268)  (271)  (272)  (285)  (284)  (289)

=
B FA &R
6 7 8 9 10 11 12 13

15

7
N

14.006

15
P

30.973

33
As

74.921

51
Sb

121.76

83
Bi
208.98

115

Uup

(288)

16

8
O

15.999

16
S

32.065

34
Se

78.96

52
Te

127.60

84
Po

(208.98)

116
Uuh

(292)

17

9
F

18.998

17
Cl

35.453

35
Br

79.904

53
I

126.90

85
At

(209.98)

117
Uus

18

2
He

4.0026

10
Ne

20.179

18
Ar

39.948

36
Kr

83.798

54
Xe

131.29

86
Rn

(222.01)

118

Uuo
(294)

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in

parentheses.
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57 58 59
La Ce Pr
138.90 140.11 140.90

89 90 91
Ac Th Pa
(227)  232.03 231.03

60 61
Nd Pm
14424 (145)

92 93

U Np

238.02  (237)

62

63

64

65

66

Sm Eu Gd Tb Dy

150.36

94

151.96
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157.25

96

158.92
97

162.50

98

Pu Am Cm Bk Cf

(244)

(243)

(247)

(247)

(251)
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CERN €Ly : BMaREFERELE

European Organization for Nuclear Research
Organisation Européenne pour la Recherche Nucéaire

Questions:

Why accelerators?
Why so large?
I.h... Why circular rings?

DALI_D9S ECM=183 Pch=53.0 Ef1=110. Ewi=67.3 Eha=12.9 P004360
Nch=22 EV1=.703 EV2=.492 EV3=.351 ThT=1.43
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3.5TeV + 3.5 TeV
=7TeV

E:.7TeV+7TeV = 14TeV

Flun Mumber: 177531, Event Number: 153764
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CERN's accelerator complex
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Antimatter

ANGELS & DEMONS
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Why No Antimatter?

Matter and antimatter were created in the Big

Bang. Why do we

now see only maller excapl

for the tiny amounts of antimatter thatl we make

in the lab and obse

rve in cosmic rays?

Paul Dirac
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SETDHS

Discovery of Positron (1932; Carl D. Anderson)

Anderson's first picture of a positron
track (Source: C D Anderson)

The positron travelled downwards
and lost energy as it passed through a
lead plate in the middle of the
chamber. Its track is curved because
there was a magnetic field in the
chamber.

In August 1932, Carl D. Anderson found evidence for an electron with a positive
charge, later called the positron. Anderson discovered the positron while using a cloud
chamber to investigate cosmic rays. This work was continued by Patrick Blackett and
Guiseppe P.S. Occhialini who showed that a positron was produced together with an
electron, in line with an earlier theory of Paul Dirac's. According to this theory, a
positron was a hole in a sea of ordinary electrons. The positron was the antimatter
equivalent to the electron.
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Discovery of Antiproton

1955; E. Segre & O. Chamberlain
Lawrence-Berkeley Lab., Bevatron
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BEAM

10 FEET

XBD 9606-02963

Anti-proton detector used successfully
in 1955 by Segre's group. M indicates
bending magnets, Q indicates
focusing quadrupole magnets, S
indicates scintillation counters and C
indicates Cerenkov counters to
eliminate false counts

BEAM

CERENKOV COUNTER
— (WATER)

SCINTILLATION COUNTER

—CARBON ABSORBER

CERENKOV COUNTER
1° " (POLYSTYRENE)

—]
——{ ]« CERENKOV COUNTER
- ,m\ (LUCITE)

SCINTILLATION COUNTER

DEFLECTING
MAGNET

N SCINTILLATION
« COUNTER

ANTICOINCIDENCE
COINCIDENCE

LEAD GLASS
CERENKOV
COUNTER
(OBSERVED ON
OSCILLOSCOPE)

XBD 9606-02964

Anti-proton detector, used by
Lofgren's group, analyzed the
beam from Segre's magnets. The
small Cerenkov counters
distinguished the anti-proton from
a meson, the large one registered
the annihilation of an anti-proton
with a proton.
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First annihilation star "Faustina" of an anti- proton found in film exposed by the
Segre group, 1955. Segre's group pressed forward with the scanning of emulsion
stacks in collaboration with a group under Edoardo Amaldi in Rome. The Rome
team found the first annihilation star, whose visible energy (the combined energy of
all ionizing fragments) amounted to above 826 MeV, an amount deemed
appropriate for an explosion initiated by an antiproton. (The preceding information
was excerpted from the text of the Fall 1981 issue of LBL. Newsmagazine.)
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Kicker for stochastic cooling

3.57 GeVic (p)
@m& &
26 GeVic (p) Z

‘

Ir target 0.1 GeVic
_5Mev |

RFQD \

LEBT (116 keV) \

MRT in SC solenoid #
(10 keV — eV)

Extraction beamline
0 5 10m % (10-1000 eV)

scale 3.57—2.0— 0.3 0.1 GeV/c

i

Pick-up for stochastic cooling ~ Eectron Cooling

CERN AD ring

Antiproton Decelerator




ASACUSA collaboration

Atomic Spectroscopy And Collisions Using Slow Antiprotons

Cooling scheme

5.3 MeV antiproton from AD

l RFQD (Radio-Frequency
Quadrupole Decelerator)

~ 100 keV antiproton
l thin degrader foils

< 10 keV antiproton
MRT (Trap)

. electron cooling
sub-eV antiproton

beamline P Y B fl_ -
extraction of 10-1000 eV (... 20 keV) antiproton beam

- Y
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Antihydrogen Production in Flight (PS210 experiment at LEAR)
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7z ROK R R = hK (2002, ATHENA collab.)
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Production of Cold Antihydrogen

ATRAP

PHYSICAL REVIEW LETTERS

rotatable

see Fig.2< 2k
electrode

degrader

\center of nested
Penning trap (T7)

ionization well (PEB)

s layers of scintillating fibers

: FIG. 1. Overview of the trap and detectors. Antiprotons are
: loaded from below (left), into the trap electrodes below the
. rotatable electrode. Positrons are simultaneously loaded from
: above (right) into the electrodes above the rotatable electrode.
:  formation is observed within the lower region detailed in the

: next figure.
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FIG. 2 (color). (a) Electrodes for the nested Penning trap.
Inside is a representation of the magnitude of the electric field
that strips  atoms. (b) Potential on axis for positron cooling of
antiprotons (solid line) during which  formation takes place,
with the (dashed line) modification used to launch — into the
well. (c) Antiprotons from  ionization are released from the
ionization well during a 20 ms time window. (d) No — are
counted when no are in the nested Penning trap.




ASACUSA MUSASHI group

Atomic Spectroscopy And Collisions Using Slow Antiprotons
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Atomic Spectroscopy And Collisions Using Slow Antiprotons

: downstream movable
http://cern.ch/asacusa upstream radiation st
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RIKZERFDEEISZ N Z v 7 (ALPHA collaboration, CERN, 2010201 1)
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Fine. Per oggi e tutto.
Fini pour aujourd’hui
That’s all for today.
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Ci vediamo la prossima volta.
On se voit la prochaine fois.
See you next time.
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