ALXAEEN 8N
MNeTpldouv Xap&

Tunua G3: K. Kopddc & X. MeTpldov
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TL Bx pxBovpue oNpepx

e T elval n y-dL&oTtraon
»  Y-OTTOOLEYEPON
» NAEKTPOVLK EOWTEPLKWYV HETATPOTIWV
» E0WTEPLKN dNHLovpylax Cedyouc (ete)
o [Twc TTPOKOTITEL?
» Evepyelokéc oT&OPEC TOL TTVPAVE (TTPOTUTIO TWV (PAOLWV)
» TELPAPATIKOC KKOOPLOPOC (TTELPXUATH TKEDXONC)
® [lolol KKVOVEC DLETTOLV TNV Y-OLXOTIXON
» ETTLTPETITEC HETATITWOELC, KKVOVEC ETTLAOYNG
e PubOpot attooUvBeonc, xpovol TwWNHC oTnN Y-dL&oTTONON

e TLelval 0 TTUPNVLKOC TLUVTOVLIOMOC - To Melpaxpck Moessbauer

BRIt ID el Osooalovikn 2 Aek. 201 |
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H “YAn oto BiBALo: Cottingham & Greenwood 3

® KE(XAKLO 7: ALEYEPUEVEC KTOROTAOELC TOL MupAvVa

» 7.2: MEPLKX YEVLKAX XKPORKTNPLOTLKX TWV DLEPYEPUEVUIV
KXTXOTXOEWV

» 7.1:TelpxPATIKOC K&KOopLopOC
» 7.3: H xmtoo0vOEON TWV dLEYEPUEVWV KATROTRTEWY

» 7.4 ETrL pépouc puBpot attoovOeonC KoL ETTL HEPOULC
TTAXTN

e Mupnvikdc ouvTovLopOC (Kew. 5 OTLC ONUELWOELG)

BRIt ID el Osooalovikn 2 Aek. 201 |
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TLelvaL Ny - dLxoTroon ?

¢ Mlx pop@n oTTodLEYEPOTC TOV TTUPAVX

¢ H nAEKTPpOUXYVNTLKN KTTODLEYEPON EVOC TTUPNVX TOE ML
KXTWTEPN EVEPYELKKA OTXOHUN TOL (dLOL TTLPNVX, OTAV DEV ELVAL

OLVOTN N XTTOPOAN EVEPYELKC PE EKTTO

¢ KaT& TNV Y-dL&oTToion 0 ’x0TONC TTU

ITTH) evog owpaTdiou (o A B)

DAVAC KTTOBKAAEL TNV

TTEPLOOELX EVEPYELKC HE XULOOPHUNTN EKTTOUTIA NAEKTPOHUKYVNTLKNG

XKTLVORBOALXC.

¢ H y-dLt&omroon TTepAGUPAVEL DVO XKOPN OLXOLKXOLEC,

¢ dNULOLPYLX NAEKTPOVIWYV “E0WTEPLKWV HETATPOTIWV” KL
¢ oWTEPLKN OnupLovpyla Tedyouc (ete).

¢ Elvoil Plo NAEKTPOUOYVNTLKA XAANAETTIOpOiON

BRIt ID el Osooalovikn 2 Aek. 201 |
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Mwc TTPOKOTITEL N Y - OLXOTTOON ? 5

H y-dLxomroxon TTpoKOTITEL:

‘OTOV EVOC DLEYEPHUEVOC TTUPNVOC DEV EXEL DLXOETLHUN EVEPYELK
XPKETA YLX VX DTTOOTEL OXAXON, 1N VX EKTTEPPEL EVX CWHATLO
(VOUKAEOVLO N 0(—OXKTLVORBOALX) HE LOXUPA XAANAETTLOpOON
HM o AANAeTTOpaion << loxupn XAANAETTLOpaiON
ALEYEPHEVEC KOATAROTXOELC P E<6 MeV dev ptropolv va
oLxoTTXOoTOUV HE loxupn = HM

>UVNOWC HETA XTTO GAANEC dLXOTTXOELC (&, B, OX&ON)

H y-dLtxotraon elvai:

O TTOLO KOLVOC TPOTTOC XTTODLEYEPONC TWV DLEYEPHEVUWV TTUPNVLKWIV
KXTXOTXOTEWV.

Ol xpovol Twnc¢ kupaivovTol o1rd 10-12s - mrdvw o1ro 100
XPOVLK.

BRIt ID el Osooalovikn 2 Aek. 201 |
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Mwc TTPOKOTITEL N Y - OLXOTTON ? 6

¢ O TTUPNVAC 30°°ZNn -> 3199Ga + e~ + Ve(anti)

‘Eva Mopadelypox

¢ O véoc TTupAvaC ptTopet va Bpebel oe pla ax1rd TIC 4 dLVATEC

KXTXKOTXOELC,

¢ ATTO OAEC TLG DUVATEC UETATITWOELG KATTOLEG (3) ElvaL “eTTLTPETITEC”

¢ O véoc TTupNVOC B xxTTOdLEYEPOEL EKTTEUTTOVTOC Y-GKTLVOBOALX TTOU
EXEL EVEPYELX TTOU XVTLOTOLXEL OTN dLXPOPp&K EVEPYELXC TWV OVO OTXKOHWV

“=Zn(13 hr.) Decay Scheme
13 hr.
9/2+ «:38.64

IT=99.967% 5 B- =0.033%

N(E,)

BRIt ID el Osooalovikn 2 Aek. 201 |
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Ol eVEPYELKKEC OTAROPEC TOL TTLPNVX 7

K&Be evepyelakn oTxOpun (KBavVTLKN KATXOTOXOT)) £XEL EVX
“@LOLKO” TIAGTOC [

KXL EVX HETO XpOVo TWNC T, TTOL OXETLCOVTAL PE TNV &pXN TNEC
axTrpoodloploTiae: AE*At=h ->*T=h

b 6.58 x 1072 MeV sec

I'=h)=-=
T T
A=1/T :n TOVOTNTA dL&oTTaanc L )
; 0.8 r
1 - Breit-
F. e J B F‘Y 06 | Wigner
‘ line shape
I
Ll Er 4F
E,=E; — E; 0
0.2
Y Jf-p f m
f 0 -3 -2 -r * +I“7 +21 +3I
EO

BRIt ID el Osooalovikn 2 Aek. 201 |
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EvepyelokeC OTXOUEC TOU TTUPAVX 8

[MelpXpaTIKOC MpoTdLoplopocC
2KEdXOT TIPWTOVIWYV O€ TTUPAVX (OTOXO) .

MpwTOVIO XPXLKNC OPUNC Pi, OKEOKTETHL PE OPUN
Pr KKOWC 0 TTUPAVAC KVAKPOVETAKL.

OEWPWVTAC OTL O TTUPAVAC OTOXOC XTTOPPOPK
evepyela AE & dieyelpeTal o vPnAOTEPN OTXOUN
LDTTOAOYLCOUHE TNV EVEPYELXK TOL OKEOXTOHEVOU

mTpwToviov Er. e M.X. okédoon p 10.02 MeV ot 10B
AE pi  pi  {((pi +pf — 2piprcos ) EvépyeLo Proton energy £¢ (MeV)
— - _\\ 4 7 4 6 7 8
2mp 2mp ~~~~~~~~~~ ij, _________ o(vompoucr]c;; T ? T T T
. - 0
my\ N my\ = 2m, 1 = [ w
AE = E\ 1 —— ) —Eg\ 1 + — | +—~(EjEp)*cosf. B 3
m \ m m v
A ' A A =
3 E X 4
s g
METPOUE TNV EVEPYELX TWV OKEOKTOUEVWY 3 A
TIPWTOVIWV T& OLYKEKPLUEVN YWwVix O. ot e TR T S
[PpXUHLKO PaOUX > N AE TTXLpVEL DLAKPLTEG Ouunbeite: Melpapa Frank-Hertz TNV GTOMLKN

TLMEC. , " ,
JE TGS Osgoaovikn 2 Aek. 201 |
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EvepyelakéC OTROUEC TOV TTUPAVX

NelpaxpaTikoc MpoadLoplopoc

H M£00d0oc axTToyOpVWaoNC TOU deuTEPLOV
e KKTAGAANAN Y& B-xoTaBelc TTUPNVEC

(MeV)

‘H+ 20 > [O* +p,

4 O TTUPAVAC TOL dELTEPLOL XAVEL EVX VOUKAEOVLO (p)
4 MpoKOTITEL LOOTOTIO TOL TTVPAVX aTOXOUL ('70)

e ILOVE XOTKOEC KOiL

e g€ dleyeppévn kaThoTaon (V70%
4 ATTO TV €VEPYELX TOU €EEPXOHEVOL p OF
OUYKEKPLHEVN YWVLK O DTTONOYLTETOL N EVEPYELK
OLEYEPONC TOL TEALKOD TTUPAVX

——————————
-~ ~
, N

E- (MeV) 1142 1197 12.69 13.50 1574 /7 16.62 \
E (MeV) 5.08 4.56 3.85 3.06 0.87 .00

——————————

OL dLEYEPHUEVEC KATROTROELC KXTW KTTO TO KATWPAL YLK
To '70 = '¢O+n aTrodLeyeipovToit MONO NAEKTPOUXYVNTLKK

N

WSPIGHID. OGNS OsooaAovikn 2 Ask. 201 |
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BC+a
5.94 6.35
5.86

5.70
5.38
5.08 _

3
4.56 150+ n
3.85 i 4.15
3.06 o
0.87 3t

;0
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EvepyelakéC OTROUEC TOV TTUPAVX

MEPLKA XXPAKTNPLOTLKX TWYV OLEYEPHEVWV KATXOTXTEWV
OL LoXLpPEC DLVAHELC ElvaL

O(VEEO(anTeg TOUL POPTLOV
8.92

(MeV)

8.56

TLit«

7.98

7.29

6.79

6.74

5.02

4.45

2.13

8.67

8.42

|°B + p
8.69

8.11
7.50

"Be +

6.91

7.55

6.48

T L
| el D i B I

6.34

4.80

4.32

2.00

3

Increasing
density

— 4 MeV
.
‘@
g
gv
—13 =
—_—2
el |
“CI Iupd

Ooo Bap0TEPOC O TTUPAVEC
TOOO TTEPLOTOTEPEC OTAOHEC

To TTPOTLTTO TWV PAOLWYV EENYEL
TTOLOTLK&X TLC 6L£yepuévec_,
KXTXOTXOELC TOU TTUPAVX

I'Iz-:TpLSOU Ol OsoooAovikn 2 Aek.201 |
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YTrevOounon:

fwviakn Opun Tou Mupnva: MupnVLKO Spin | |

e OL TTUPAVEC, XKOHUK KOL OTH BXOLKN
KXTXOTOXON PTTOPEL V& £xouv MwvLiaKn
opun 1oV K&BoplleTax/oLUBOALTETOIL
HE TO KPXVTLOHUEVO DLXVLOUX |

» )l =+ JJ+DIh

® H GVXUEVOUEVN TLUN TOUL J deV lvaL

TTIXPpXTNP I"] OLUO MU E'YEG OC_,. For odd A, 1 is half integral
For even A,.‘ is integral (figure above)

Ilzzmh 670V m=-|;J........ -J

e H ouvloTWOX TOL OHWC J=mjh KaT&
TNV doLeVOvLVvoN KBEVTWONC PUTTOPEL VX
ueTpnOel koL BpEONKe OTL TTRLpVEL 2J+I
TLHEC: JZm; 2 =)

Vector Coupling of Angular Momentum

£ and © to give;

j= & + 5 (vectorsum)

e H péyLoTn TLUN TOU J OVOUGKTETOL OTTLY
TOU TTUPNVX

Elval To dLavUOpaTLIKO &OpoLopa (“OLXVUTUATLKA 00TELEN”) TWV
TPOXLHKKWY OTPOQPOPHWY (I) KXL OTTLV (S) TWV VOUKAEOVLWYV TOL TTUPAVK
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YTrevOounon:

fwviakn Opun Tou Mupnva: MupnVLKO Spin |2

¢ ALXVUOMOTLKN OUTELEN TWV TPOXLOXKWY OTPOPOPHWYV (I) KKL TTTLV(S) TWV VOUKAEOVIWY
TOUL TTUPAVX

» T dLXPOopX TTUPNVLKE HOVTEAX oplCouv ToV TPOTTO CVUTEVENC TWV dLKVUOURTWV
® AOYLKO VX UTTOBE00UE OTL OPOLX VOUKAEOVLA: nn, pp, PTLAXVOULV CELYXPLX HE (OO KL
QVTLOETAX OTTLV KKL OTPOWOPUN (T€ CUUPWVIX KL JE TNV &xpXN TOU Pauli, Kaxt Adyw

EAGXLOTNC OUVAHLKAC EVEPYELXC)

® AV 0 TTUPAVOC KTTOTEAELTHL KXTTO GPTLO-Z KOXL XPpTLO-N, GVEEXPTNTAK POVTEAOU,
£XOLV OTILV PNdEV 0N BXOLKA KATXOTKON

e Av OAx Ta TeLYXpLX VOUKAEOVIWY £XOLV OLVIOTWOX (L+s)=0 TO OTTLV | EVOC
TTEPLTTOU-A TTUPAVX B elvaLl TO | = [+s TOUL “TTEPLTTOV” VOUKAEOVIOU

170

14372  Fo 14372 [ 160 14312 P
212 —GSEELU2 212 — g 1=0 212 ———— =S
14572 14572 14572 $—

p12 G n 441 44 w2 44 44
wngbtt 10048 mogded l44eh maeded leded-

B AGH I A S 1 o S i | o s o

H BXOLKN KXTXOTAKOT TOU TTUPNVLKOD OTILV €VOC TTUPAVX HETPLETHL HE
TLC HEBODOLC TNC YTTEPAETTITNC YPNC K&l TOL MxyvnTLKOU ZUVTOVLOMOU
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H evepyeLa TOL PWTOVIOU KXTK TNV Y-OLXOTIXON | 3

2€ UL Y-HETATITWON KTTO PLX XPXLKN DLEYEPUEVN eVEPYELXKN OT&OUN E, o€ Pl TeAkn Eq,
N EVEPYELX TOU EKTTEUTTOPEVOL PWTOVLIOU KXOOPpITeTOL XTTO TN dLATAPNON TNC EVEPYELXC
K&XL ThC OPHNC: E. = E-+E,.

H dlaxpop& evépyelag HeTaXD Twv 000 oTaBpwyV E, polp&TeTal HETAED TOL PWTOVIOL Y
KOXL TNG EVEPYELRG KVEKPOLONG TOL TeEALKOU TTupAve,  E, = E +Er.

ALXTAPNON OPHUAC : E  hy
p,= Y — = Mv E* = pzc2 +(mc2)2
C C

ALXTAPNON EVEPYELKC:

1 1 (hvY E’

T=E +E,=hv+—Mv>=hv+ Ly Qe T

, , Y 2 OM 2 Mc

EveEpYELX XVXKPOVOMEVOUD:
E2

R =5 <<E

2Mc 4

m.X. A=50, E,= 2 MeV, Eg=4x1014/2x50x10%= 40eV (<< 2 x10° eV)

H evépyelx TNC HETETITWONG KTTXYETKL XTTO TO (PWTOVLO

>TOo 1dLo &Ttopo (A=50) v vttoAoyLoBel N Er YL eKTTOUTT pwToviov 1eV (xTopLKoU)

BRIt ID el Osooalovikn 2 Aek. 201 |
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[Molol KXVOVEC OLETTOVV TNV Y-OLXOTTON?

Kovovec ETriAoync | 4

¢ H y-0L&koTraon elval NAEKTPOPKYVNTLKN GAANAETTIOpaxON=

Alatnpnon TNG OTPOPOPUNG : . o - i -
< SIAVUOUOTC
<Ii<||I,

‘74‘ —W

Av J,,=3 xau J,=2, n | umogei va Eyet tiués 1,2,34,5.
Av J,,=712 o J,=3/2, n | umogei va éxet tués 2,3,4,5.

H uetdamrwon 0->0 eivauw amayoQevuévny apov j pwtoviov =0 .
(To pwtovio Eyel omv 1h+otpopooui]...)
Alatripnon TG TTAPITU OTTAITEI T, =T, T,
Av J,=3* xau J=0%, L umooei va el Tiues: 3 xou ww,=+1
Av J;,=5/2- o J =172+, i | umogel va Eyet tyuég 2,3 xaw mw,=-1

H OPOTLULX TOU (PWTOVIOU TTPETTEL VX ELVOL DETLKN OV N GXPXLKA KOL TEALKA KXTXOTOXON
EXOLV TNV (OLX OPOTLULX KXL XPVNTLKA &V €XOLV KVTLOETEC OpOTLULEC

R GO Osgoaovikn 2 Agk. 201 |
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H eKTTOUTTA XKTWVORBOALXC Y ElvaiL LOODUVOUN

ue AKTwvoPoAia MoALTIOAWY | 5

H akTVOBOALX Y €lvail HOP®PH NAEKTPOUXYVNTLKAC GKKTLVOBOALXC
= MT1TOpEL VO BewpnBel ooV TTOANOPEVO NAEKTPLKO KL HOXYVNTLKO

TTEQLO TTOU dLAKOLdOVTHL OTO KEVO HE TNV TAXVTNTX TOL PWTOC

>TNV NUIKAXOCTLKN TTEPLY PPN TNC KKTIWVORBOAIXC: TX CWHATLX XAANAETTLOpOUV OTX
TIAGLOLX TNC KPXVTLKNC BewplaC PE TO “KAXTOLKO” NAEKTPOUXYVNTLKO TTEDLO

O TTupNVAC pTToPEL Vo BewpnBet ooty TOVOAO KTTO TTGAAOPEVH (POPTLO KKL
TTOAANOPEVO PEVPXTO (TTOL dNULOVPYOUVTHL XTTO TNV Klvnon Twv
TTPWTOVIWYV KXL VETPOVIWYV TOUL)

H NAEKTPOUXYVNTLKA XKTLVOBOALX TTOU EKTTEUTTETOL XTTO £VX TXAXVTOUMEVO
NAEKTPLKO N PHXYVNTLKO TTOADTTONO XTTOTEAELTAL KTTO PUWTOVLX

OUYKEKPLUEVNC OTPOWOPHNC KXL OHOTLHLXC (parity).

‘KaToxvoun popTiov = nAekTkn potrn (E) ToaA&vTwon =

P—

‘Katavopn| pedpatog 2 payvntikh poth M)| exmroutiy pwtoviwy

BRIt ID el Osooalovikn 2 Aek. 201 |
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H eKTTOUTTA XKTWVORBOALXC Y ElvaiL LOODUVOUN

ue AKTLVORBOALX MTOALTTOAWYV | 6

* OL dU0 dUVATEG KATAOTAOELG AKTLVOROALXG E (NAekTpLKN pOp@r) -0TAV
TO NAEKTPLKO TTEOLO ELVAL KXBETO OTN OLXOOCN TOU KUUKTOG- & M
(MOYVNTLKN HOP®@N) —OTAV TO HAXYVNTLKO TTEDLO ELVaL K&BETO OTN

OLXOOOT TOU KUPKTOC

» H extTopTh gu,nov[ou KT TN Y-METATITWOT] UTTOPEL VO
XXPAKTNPLOOEL WG NAEKTPLKN IQE) N JoyvnTikn (M) Kot GaVXAOYX HE TNV
TLUN TNG OTPOWYOPUNG [ TOL PWTOVLIOL WG 2! - molikij
(xkTLvoPBoALlx TUOTTOUL (M) pe I=1 evau payvytiky dimolikij)

(xkTVOoPBOoALlx TUTTOU (E) pE I=2 sivar qickTpikn TeTpamoiikiy)

Ot (E) kott (M) xXxkTLvOBOALEC TTOAUTTOAOUL £XOUV SLXPOPETLKH OHOTLHLX:
To WTOVLO £XEL OHOTLHULG (-1) OTAV N xTTOdLEYEPON VAL “NAEKTPLKN”

To WTOVLIO £XEL OHOTLHULY (-1)*10TAV N XTTOdLEYEPON VAL “PXYVNTLKA”

=0l HETATITWOELC Y XXpXKTNPLCOVTOL XTTO TNV OTPOWOPUN £ TTOU

XTTXYETKL TTO TO PWTOVLO.

» H mBavoTnTo HETATITWONG HELWVETAL OPKPATLKX PE TNV XUENON
TNG UETKPBOANG TG OTOWOPUNG

BRIt ID el Osooalovikn 2 Aek. 201 |
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AKTLVORBOALX TTOALTTOAWV

« K&Oe TTOANOTTONO T&XENC L
» 2L.1TONO (1=6iTTOAO, 2=TETPATTOADO, 3=OKTATTOAO...)

* (PEPEL OTPOYOPUN
e [=1,23,...(h)

* ZUPPBOALOUPOGC OKTLVOBOALXG NAEKTPLKOD (1] HXYVNTLKOU)
TTOAUTTOAOU

. EI 4 MI, ...
¢ TT.X. E2 : nAekTpLkO TETPp&XTTOAO (22)
. M3: HXYVNTLKO OKTXTTOAO

* HopoTwlx yix TNV K&Oe TrepimTTwoon

e I, = (-t NAEKTPIKO TTOAUTTOAO
o T, =-(-I)t Uayvntiko ToAUTTOAO

BRIt ID el Osooalovikn 2 Aek. 201 |
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AKTLVORBOALX TTOAUTTOAWYV

H NAEKTPOUXYVNTLKA XKTLVOPBOALX B elvail TO &BPOLOHX TWV

OUVELOWPOPWY TWV TTOAVTTOAWV (&V KL cLVAOWC 1-2 TTOADTTOAK
TTPOEEXPXOLV)

‘EVX (WTOVLO (ELVOIL VX DLXVUOUXTLKO CWHGTLO) TTPETTEL VX (PEPEL

TOUAGXLOTOV HLX MOVEOXK TPOXLXKAC OTPOWOPHNC, (&px deV
erriTpéTrovTtot EQ kot MO axkTivoBoALeg)

H peTaBoAN TNC TIEPUTL O€ YL METATITWON KXOBOPLTETAL XTTO TNV TAEN
TNC KVTLOTOLXNC OXKTLVORBOALKC KOL TOV TOTTO TOU TTOAUTTOAOU

[l eTaTTITWOELC E: ,TT(E) = (-1)-

[lX HETATITWOELC M: T IT(E) = —(- 1)t

H dlxtApnon Tnc oTpowopuNC KXL TNC OMOTLULXC 0ONYOUV O€ £V
ogUVOAO KOXVOVWYV ETTIAOYNC OL oTTolol KxBoplCouV TLC ETTLTPETITEC
HETATITWOELC.

RSPl G l® OcooaAovikn 2 Agk. 201 |
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AKTLVORBOALX TTOALTTOAWV

AxTwvofoiia

XopPoropog | I (typn L) T,

HAektp. AtmoAov El 1 -1
Mayv. Autoiov M1 1 1
HA\extp. Terpamorov E2 2 1
Mayv. Tetpamoiov M2 2 -1
HA\extp. OktamodAiov E3 3 -1
Moayv. Oktoamdrov M3 3 1
HAextp. Aekoeomdrov E4 4 1
Moayv. AekoeEamOAOL M4 4 -1

000000

BRIt ID el Osooalovikn 2 Aek. 201 |
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A=+

Yy

8w(l+1) 1 E*

— Y

T I[@I+D)] (7o)

Meool Xpovol TWNC 0TN Y-OL&XOTTON

H mBavoTnTa HETETITWONG (1/T: HEoOC XpOVvoCg TWNC) OTN Y-OLXOTTHOT TIPOKOTITEL
XTTO TNV NULKAXOOLKA Bewpla EKTTOUTIAC NAEKTPOUXYVNTLKAC GKTLVOBOALOC

B (/) elvat n “aovnypévn TTLOVOTNTX
x B(l) peramTwoncg” ko TrepLéXeL
TTANPOWPOPLX YLK TOV TTUPAVK

O Weisskopf XpnOLHOTIOLWVTXC TO HOVTEAO TWV PAOLWYV eVOC XTTAOD TTUPAVX KKTEANEE O
OXEO0ELC TTOU eK@PPATOLV TIC OTKOEpEC dLEOTIORONC O oLV&EPTNON TNC Evépyelag koL Tou A.

TOmoc petantmonc t, (xpovog numng, s) t, (s) yia A=125, E=0.1 MeV

El 57x107 E°A™7 2x 107

E2 6.7x 107 E°A™" 1x107

E3 12x10° E'A” 8

E4 34x10° E°A™” 9x 10’

Ml 22x107" E” 2x 107

M2 26 x10° E"4" 1x10™

M3 49 x10° E'A™ 8x 10

M4 1.3x10° E4~ 9x 10°

IEHILEIRGTHEE OcooaAovikn 2 Aek. 201 |
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[tx A=100,

NAEKTPLKEC TTOAUTTOALKEC
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Y - dLXoTTOON 22

= TLylveTal 6TV évac TTupNVaC HeE J=0 XpelXTeTaL VX KXTTOOLEYEPOEL;
= AEN ptropel HEOW EKTTOUTIAG Y

» MTTOpel VO KXVEL ECWTEPLKN UETKTPOTIA —ME EKTTOUTTA duvNTLKOL Y*
(a’'la Auger oTto &TOMO)
o

’Y>I<

e

= O UTTOpOVTE KXL HETW dnpLlovpylag Tedyoug av E>2m,
(duVNTLKO 7y deV ELVAL XTTXPALTNTO VX €XEL S=1 KOL HETHPETTETAL O€
Celyoc o€ pLx J=0 kaT&koTaon)

’Y>I<

o

NUcl.

e-l—
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EowTeplkeéc MeTOTPOTTEC 23

0->0 XTTXYOpEVHEVN 203
TL ylveToL o€ pLx 0+ dleyeppévn g 3 M
, 204\ -1 Internal conversicL):{m"
ALO(O"ITO(TIO(L M E , YTI —__=___ electron spectrum
*ECWTEPLKN HETKTPOTTN 279.19keV| . K
O TTUPNVOC EKTTEPTTEL EVX dUVNTLKO 03, ¥

(PUWTOVLO TO OTTOLO dLWXVEL EVX XTOMLKO
NAEKTPOVLIO. H TpoxL& Tou e TTeEpVAEL

HEOXK XTTO TOV TTUpAVA. MBVOTNTX VX
BpeBel oTOV TTUPNVA XUEGVEL PE TN Z°. o | 2%, | P, P
Lt Z>> OVTOYWVLCETOL TLG Y N nternal

OLXOTTXOELG. £ conversion

3 __ €electrons

3 .
‘ECWTEPLKN HETATPOTIN Celyouc ete-. 5 /Beta L
O TTUPAVAC EKTTEPTTEL VA dUVNTLKO 8 BiSHnOn J M

V 4 V 4 V 4 LIJ 1‘

(PWTOVLO TO OTTOLO HETATPETTETAL O€ .

Celyoc e'e-.
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EowTeplkéc MeTRTPOTIEC
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[Mpocoxn:
Agv PTTOPEL VX lVOiL PWTONAEKTPLKO PRLVOPEVO AOYW
OLXTNPNONG TNG GTPOYOPUNG.
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AtvovTal oL oT&OpEC TOL 60 pE T KXVTLOTOLXX ': 3
OTTLV, OMOTLHIX KOXL EVEPYELX. 2 P . 70
Tl eldovC peTXTITWON €lval N K&Oe , Voo ‘.
XTTOOLEYEPON KKL TTOON N EVEPYELX O KXOE " 6'0
mrepiTrTwon (1,2,3,4,5). ® ® |
*AWOTE TOUC DUVATOUC TPOTTOUC KTTODLEYEPONC o\ ¥ oo
™C oT&OuNC 6.0 MeV. " |
MeV
J— J; AJ<l<>J Am TUITOG E,
1 3—0 3 -1 E3 6.1
2 2—3 1,2,3,4,5 -1 E1+M2+E3+M4+E5 09
3 1—3 2,3,4 +1 E2+E4+M3 1.0
4 2—0 2 +1 E2 1.0
5 1—0 1 -1 El 7.1
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[MupNVLKOC CLUVTOVLOMOC

Excited State E
Nucleus es AN
Gamma Gamma
Ground State
Nucleus Egs A4 v
Recoilless emission Resonance absorption Resonance fluorescence

OWTOVLO XTTO KTTODLEYEPOTN Y XTTOPPOPATAL XTTO
dpoLo

TTUPAVA (XTTOPPOWPNON TUVTOVLOMOUV),

O OTTOLOC OTIN CUVEXELX XTTODLEYELPETAL
ETTKVEKTTEUTTOVTXC

PWTOVLO (pBoplopoc ocuvtoviopov) (1929 Kuhn) .

[MTOAANEC TTPOOTIROELEC KTTOOELXONKAV KKXPTTEC
( -1951).
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[MTupNVLIKOC OCLUVTOVLOHOC 27

line width

Energy N

Avaxpovon mopnvo
koto. Ty exkmoun] (E,=E,- Ep
koto. v amoppopnon: E,=E, +Eg

hy 7
PR o e
AN

nlozog e otabuns Tl =h

Py, + A8Ppom =0
Ep;r/\’\=‘ Erecon * Eo
e ..
' Erecoil
% >
E, Energy
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[TupNVLIKOC OCLUVTOVLOHOC 28

Source Scatterer Detector

[gipopatixny oroTacn yio. ) UETPHOTN D,

pBopiouo ocovroviouod n/xou
OTOPPOPNTH GOVTIOVIGUOD

MNapaTNPNONKE YLX OTTITLKO PXOU
Detector

Transmission
Geometry

Ay And electrons

wvalooity [Immida)
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[MupNVLKOC CLUVTOVLOMOC

['ati 0gv mapatnpeiton 0 TLPMNVIKOC GLVTOVIGUOG 77
AOTL M YPOUUT] EKTOUTNG OEV EMKAADTTETOL LLE T YPOUUN ATOPPOPT|OTG
Av 01 000 YPOUULES EMIKOAVTTOVTOL £YOVUE GLVTOVIGUO.

s 2YNTONIZMOZ

E 4 Emission Absorption
Sl
S A
Eo E0 =
Source Absorber

=22 YNTONIZMOZX

MTTopel V& EeTTEpXOTEL TO TTPOPBANUK PE 2 TPOTTOUC,

1.MELWVOVTOC TNV EVEPYELKKN dLAPOP& TWV dVO YPKHHWV

(Tre{popx Moon).

2.ALELPVOVOVTOC TO TIAKTOC TWV YPXHHWY WOTE VX XAANAETTILKGALPOO UV
(Trelpopx Malmfors, pe BepuLkn kivnaon) .
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MNetpapck Moon
1950s, Philip Moon in Birmingham

‘—--~

. ~
" \

,’/Go!d-plat.edtlp \,  XpnolwgoTtrolnoe To povopevo Doppler yix v
// ' OVTLOTXOULOEL TO EAELUX EVEPYELOG PETOED

! , TINYNG kot OKEOXKOTI TTPOCOETOVTHC v,

! | EVEPYELX ! Ep = .

\ Stéel Rotor /‘f
Lead N /

\
~
~

/
Scatterer N P

A AT T
HoizoNTAL SecTioN = I f . h
I}ad } '[ }

T
. b S nJ I s’
- P N TR < ) [ ——— ’- — - ———
R 7
VERTICAL SECTION I LI1 |
THROUGH A A \ : [ .
% -4 -2 0 4 [
x )0
Speed of Scurce (cm/sec)
gure 2. Effect of speed of source on rate of recording of scattered gamma-rays. Negative
speeds indicate rotat:on tn opposite sense to that shown n Figure 1.
Katéypaye pkpn avénon oty évraomn g okedaldpevng axtivofoiiag.

Figure 1. (Not to scale )
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MNetpapck Moon

ETTLAOYN LOOTOTIOU

*>€ (PUOLKN KLBOVIX YLX OKEDXOTNC

‘Not €£XEL DLEYEPUEVEC KATROTXOELC YLX VX XPNOLPOTTOLNOel we TTnyn .
*ATT0dLEYEPON OTN BXOLKA oTXOUN

‘Mey&Ao €0poc .

31

[Inyn P*Au (B)=>"*Hg
198Hg y- 41] keV
2Kkeoaotnc Hg

*ATTXLTOOHEVN TAXUTNTX TINYNC EPLKTH TEXVOAOYLKK

eEmitdyvvon
X EmiPpadvvon

[

Gamma-rays Recorded in Ten Minutes
=
2
T————t
7’
/

i

—

Kotéypaye pikpn avénon oty
EVTOOT TNG OKEOULOUEVTC
aKTivooAiac.

gure 2. Effect of speed of source on rate of recording of scattered gamma-rays. Negative

Speed of Source (cm/sec)

x 0% ¢

speeds indicate rotation 1n opposite sense to that shown in Figure 1.
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Rudolf L. Mossbauer

O Mossbauer avakdAvye 0t o€ youUniéc Oeprokpaciec, Evag
TLPNVOG TOV PPICKETOL GTO TAEYUO EVOS KPLGTAAAOL Kol
EKTEUTIEL EVOL Y-QOTOVIO, E£YEL EVEPYELN AVAKPOLOTG EAAYLOTN
KOl O€ KATOLEG TEPUTTMGELS O KPVOTAAOG OEV UTOPEL VOl
ATTOPPOPTGEL EVEPYELD KO APQ. 1] EVEPYELN AVAKPOVOTNG
unoeviCertai.

b) Nucleus bound

a) Freely recoiling nucleus in a crystal
: E Emission Emission
- spectrum
spectrum
\/ recoilless lines
0 +/# +
7 > EnergyE >
L. % Absorption Absorption
/™\ spectrum spectrum
4 | " .|'l P
o 4 / ﬁ E _t > | ,1 N '.._V_.-__,'.”“\“"---
E Energy E 0 4/ >
' Energy E

0
E,
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doLvOpeVo Mossbauer

a) Calm sea

-*.
| e

WSPIGHID. OGNS OsooaAovikn 2 Ask. 201 |

33

Friday, December 2, 2011



doLvOpeVo Mossbauer 34

\m

velocity in cm/s
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b LVOEVO Mossbauer 0TN Y-PXOUXTOOKOTTLX

Trans mission

+3/2
I m i my
: +3/2 —=3/2 /2
—  13/2 o3 S—— ’
3/2 f1/2 0 /2 A e
. -1/2 |
14.41 keV
-3/2
| i
- - - i A A AP 5‘ A A,
;/ ;/ ; ;/ ' s §=4- A »,f' 4 ,,f' " A
=+ .‘. Amy=0, 1
-1/2
1 / 2 —2—+1/2 —_— 2 — iy '%:‘B
+1/2
— - - (rr——— . N——— v ] . N——
8| § ' §! 8!
a # a: a
£ E £ £
2 £ a2i a1
- & o1 E 21
L LA B S S ] :Vvh‘vvv ‘ fb.#vvvv.-vv¢ L L ] hrv;vé ? ‘71;7: = .:v ‘ ‘ .:v
Source velocity Source velocity Source velocity Source velocity Source velocity

Figure 6.6: Nuclear energy level splittings (top) and corresponding Méssbauer spectra (bottom) for " Fe in case of: a) an isolated
nucleus, b) only an electric monopole interaction, ¢) only a quadrupole interaction, d) only a magnetic dipole interaction and e)
all interactions combined (see text). The splittings and spectra are sketched based on the hypothetical but illustrative case where
0:A: p.BfI : p,BfI, =1:4:6: 10 (resulting in £ = 28). The transitions between the levels are restricted by the dipole
selection rule Am;s = 0,=1 in all cases. For clarity and simplicity, all level schemes are drawn with the center of gravity of their
nuclear ground state aligned and all transition lines are approximated by lorentzian lineshapes of equal width and intensity.
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b LVOEVO Mossbauer 0TN Y-PXOUXTOOKOTTLX

* Nuclear and Solid State Physics

» Biology

» Chemistry

» Materials Science
» Geology

» Archeology

» Forensic Science

» Paleontology

*» Mineralogy

» Metallurgy

*» Space Science (on Mars Exploration Rovers)

Md&ssbauer spectrum on Martian soil
Mernidiani Planum, Sol 11.

-~ MB data
Ohvine
Fe(2+) silicate
Fe(3+) phase(s)
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MoyvnTLkA ALTToOALKN PoTTn

Why the neutron is a little magnet

The neutron is spinning

e POPTLOHEVO CWHUATLO OE TTEPLOTPOWLKN A current flowing
K(VY]O'I‘] (Y(DVLO(KI’,] opur']) SnuLOUpYE[ through a ring
HOYVNTLKNA OLTTOALKN pOTIN

o DOPTIOPEVO CWUATLO HE "ETWTEPLKA <i>
OTPOWOPUN" (OTTLV), EXEL ETTLONC KL
“EOWTEPLKN HOYVNTLKA OLTTOALKN \_/
pOTIN” (intrinsic magnetic moment) Produces;a

magnetic field

“ / . The moving charges are a current
» e,p XVXHEVETAXL KXL EXOULV UKX TLK
P , H , X ) 7 H&YVI n and produce a magnetic field
poTtn. To veTpovio TTaxp’oTL OYAETEPO, exel
£TTLONC HXYVNTLKA poT ! '

® TO VETPOVLO £XEL KKTRVOMN POPTLOL ME
OUVOALKO popTLo undév. = A E N

eLvatL onue Lt akoExet R _en, ,
, uaxyvnTovn: eh/2m
doun! —

HXYVNTOVN Bohr: pg = eh/2me
TTUPNVLKA HXYVNTOVN: PN = eh/2m,
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MayvnTikn AtttoAtkn Potn 38

e H TTUPNVLKA PAYVNTLKA POTIN ElVAL TO dLAVLOHX M. H dLe0Buvon oTo XWpPo dev elval
TTXPATNPLOLHO HEYEDOC, OTTWC KKL N YWVLKKA OpuN J

»  dev elval KBaVTLOMEVN
»  OEV LTTOKELTXL O€ KKVOVEC dLKTAPNONC
»  EKPPATETAL OE HOVADEC TTUPNVLKNC HAYVNTOVNC

® To TTXPATNPLOLHO HEYEDOC ElVAL N KVAPEVOUEVN TLUN TOL TEAECTH Y TNV K&T&XOTOON (],
mj=))

e O YUPOHUXYVNTLKOC AOYOC opiTeTaiL: Yj = Mi/Jh

e O TTXPAYOVTXC g (g factor) elvaiL 0 AOYOC TNC HXYVNTLKNG POTIAC T€ POVXOEC UN TTIPOC TV
OTPOWOPHN Ot Hovadeg h: Mj=Yj) h = gj ] pn

® AvTioTOLXX UTTOPOUL V& 0pLaBolV T @), 8s : ELVAL OL XVTLOTOLXOL TI’RPXYOVTEC YLK THV
TPOXLOKN OPMA KOL TO OTTLV
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