ZTolxsia NMupnviknc ®PuoLKAC Kal
ZTOLYELWOWVY ZWHaATLOLWVY
(50vL eE€apnvov, XeLpEPLvo 2013-14)

Tunua T3: K. Kopdac & X. Metpibov

Mabnpa 5
B-Oudomnaon - A' uEPOC
(veTplva KaL EVEPYELAKEC TLUVONKEC)

Kwotac Kopdac
APIOTOTEAEIO TTAVETIIOTIUIO O@ECOAAOVIKNC
Mopnvik & Ztowxewwdn I, AptototéAelo Mav. ©/vikng, 11 NoepBpiov 2013



 B-S1a0mMaON - VETPIVO KAl EVEPYELAKEC OLUVONAKEG
- BiBAlo C&G, Keg. 4, nap. 4.6. Kep. 12, map. 12.1
- ZnMeEwwoeLc NMupnviknc, Keg. 5, map. 5.2, 5.2.1 -5.2.3

* loTtooeAlda: http://www.physics.auth.gr/course/show/125
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a Kol B duaomoon: ot mupAveC aAAdlovv

 H o dLdomnoon HaC METAPEPEL MAVW-KATW 0TNVY KOLAGDA

oTaOEPOTNTAG
« H B 6udomaon HocC HETAQEPEL TIPOC TNV KOLAADBA oTaBepdTNTAC
2 A
>
o
Q
|_J
W
>
U N+1
\g- \
D N I3 =\ . )
Q 3% N OUAANWN NAEKTPOVLIOU
< N-1 \ (electron capture: EC)

a
N-2 L S
Z-2 y4 Z+1

APLOUOC TIPWTOVIWY
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1) B-Owdomaon - MPoBANUATO OV
dLaornoon 600 CWUATWVY
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E{dn B-6laomoonc

Awaomtaon B

A A -
X7 g Yte

Awdomnaon B
A A +
, X— , Y+e
ApTtaynR NAEKTPOVIOL
A — A
zAte = 5 Y

IAZ|=1 & AA=0

B-: nAekTpodHVLO
B+: molitpovia (1932, Anderson)
Aprayn (1937, Alvarez)

Awatipnon gopTtiov : OK
Ouwc, oL dlaondoelc OTwC

YPAPTNKAY OPLOTEPA LTTOPEPOLV
amd coBapd npoBANUOTA:

1) Atatripnon eVEPYELAC

2) Ta e 6ev vnidpyovv otov nmupnva (AxAp=h)
(“kBavtounyavikn apvnon”)
> QIO MOV MPOEPYOVTAL,

3) Atatnpnon otpopopunc (AA=0, spin(n,p & e)=h/2)
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1) EvEpyela NAeKTpoviwy otn B-6ldonaon

« Katavourn nANBLoPOoD EKTIEUTMOMEVWY NAEKTPOVIWY (e, aploTepd) N
nolLttpoviwy (e*, de€ld) oav ouvdpTNOoN TNG EVEPYELAC TOLC, KATA TN
B-0udonaon touv °¢4Cu

T {

e~ decay

MeV ™!

0.2 0.4 0.6 0.2 0.4 0.6
(E,—mc?*) (MeV) (E.—m,c?) (MeV)
KwrrrlKn EVEPYELQ n)\sl('rpowwv, T,

) OL evépyelc AEN eilvat OUYKEKpr.E\)EC OTIWC Oa neptuevs KAVE(C
oV TA TMOPOYOUEVR cwHaTdLa ATav uoévo 2 (6nAadn noévo o
BLYOTPLKOC TILPAVAC KL TO NAEKTPOVLIO/TIOCLTPOVLO). AslTe Y.,
TO MAONUO Yyl TNV a-0ldoTmacn yla TO polpaoua TnG EVEPYELX METOED
600 cwpaTdlwv

ROOC nAekTpoviwv ava MeV
MeV !

— MA

2)H péylotn evépyela ival Tnc T@dgEnc tov 1 MeV
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1) EvEpyela nAeKTpoviwy otn B-6ldomaon

YnéBeon 600 nmpoildvTwy otn didomnaon:
Two-Body Final State ST — 3He'* + e-

Helium-3 (1, 2) - Observed Expected
= spectrum of electron
. ks energies s
[
Tritium (2, 1) Recoil nucleus and ?
electron separate @
> with equal and =
¢ opposite momentum. g
e Ener
. = Endpoint of
(N, Z)— (N—1,Z+ 1)+ e, spectrum

T.~ Q=AM = M(Z,A) - M(Z+1, A) :

To Q popaletal WC KIVNTLKA EVEPYELA TWV TIPOLOVTWV.
H poipaotd eival kaBoplopEvn Kol To TIOAD EAAPPUTEPO
NAEKTPOVLO TtalpveL TN HEPda Tov AovTOC:

SupupoAwopéc: P - D + e M, M,
P =Parent = o mupAvac “yovtdc” Te:M—PQ M,
D= Daughter =8vyatplkOc nmupnvac
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2) Evépyela nAekTpoviwyv otn B-dudomoon:
OXETLKA MLKPN YO VA TIPODTIAPYOLY OTOV MLPRVA

*AV T NAEKTPOVLA LTINPYXAV UETO OTOV — T

nupnva Kat anAd mpoomnadolv va Byouv:

* H opun toug Ba €ixe ud afeBatdétTnTa

Ap T™n¢ TaEnc Ax Ap=h - Ap = h/Ax T
4Tov AX = oL SLHOTAOELC TOL TUPAVY ~ R 2
(R=1.1fm*AY =4.4 fm, ywa ¢4Cu) ¥

h hc 197 MeV fm
ApZEZRc = 4.4fmcf ~45MeV /c . .
(E.~mec?) (MeV)
— Apa, N opHn (KOl N KWNTLKA EVEPYELA) TETOLWVY NAEKTPOVIWY B«
Enpene va “nallel” katd £45 MeV.
e OnoTe KAMmoLa amnd avTd Ba (xav KIVNTIKEC EVEPYELC TIOAD
LEYAADTEPEC amd TO ~1 MeV uEyLoTo mov BAEMOULLE...
- Apa N apxLlkh vnéBeon OTL TA NAEKTPOVLA LTIAPXOV HECA OTOV
nuopNua AEN glvatl KaAn —» “kKBavtounyoaviki dpvnon”

* A0 moU mpoEpyovTatl Aotmov Ta NAEKTpovia tn¢ B-ditdonaonc;
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2) B-6laomoon Kol veTpiva
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Pauli (1930) : uméBeon veTplvwy

NpoondBela va eEnyndel n B-dldomnoaon
(Z,A) - (Z+1,A)+ e + v,
(Z'\A’) » (Z'-1, A’) + et + v,
E{vaL n dudonaon 6€ouLwy oToVv vpnva p Kot n

n—->p+e+ v,

p-=>n+et+ v,
Movo to €Ae06epo n prnopel va dlaonaotel m,>(m_ +m,),
ueooc xpoévoc Cwnc, T = 885.7+0.8s ~ 15 min

To eAevBepo npwtoévo AEN umopel va dlaontaoTel, yiatl
EXEL HLKPOTEPN Mo aTt' 6on xpelaleTal:

— TO TIPWTOVLIA OUWC MITOPOLY va KAvouv B-dldomnaon uévo
Otav £lval dEoula pEoa a' evav MupAVa: TOTE KAVOLUE
EVEPYELAKODUC LTIOAOYLOMOUC E OAOKANPO TO GLOTNUC.
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Yio6eon tpitov cwuatidiov otn B-Oldomnaon

Three-Body Final State \

Helium-3 (1, 2) 1000 - 3T o JHe'™ + e + v,

g
@ :
Tritium (2, 1) E Q=18.6
b oo s ol
—_— g
the available 3
A~ TS energy. 5
@ O : v
| 1 | ook
Electron Antineutrino 5 10 15 20

Electron kinetic energy in KeV

% beta decay spectrum of tritium (JH — 3He). (Source: G. M. Lewis,

(N, Z)— (N—1,Z+ 1)+ e~ +V . ndon: Wykeham, 1970), p. 30.)

Av vmtdpxeL vetpivo: 0 = T, = AM-m,,
m,= 0 YnéBeon v, : Pauli 1930
spin =h/2
* EBeBaiwon dmapgng v_: Reines - Cowan, e

AVTIVETPIVa amnod nMupnviké avTidpaoThpa.
* EmBeBawwon otLv_#v_: melpapa Davis, avtibpaon nov

ylveTtal pue vetpiva, dev yivetal pe avTveTpiva
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Enrico Fermi: Bswpia tn¢ B- 2uyxpovn gikova. H B-

diaoaonc. Oswpel OTL TA diaonaon npokaAsitat amno
oWUATLA TTOU aAANAentbpo0v TNV aoBevr dvvaun, mou
Bpiokovtat oto (bto onuesio onuaivel aAAnAsnibpaon

UEOW avTaAAayric EvocC
owuatidbiov W

n P
w
p =-» - e* - E"‘
14 v
AAANAETILOpaON EMOQPNAC AAANAeTiidpaon pe

avtaAAayn W
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>

Macla Ttov veTPIvO;

« EEetdlovpe To SLaypapua MTANBLOPOL cav cuvadpPTNON TNC
KIVNTLKNC EVEPYELAC TWVY NAEKTPOVIWY 0TNV MEPLOXN TNG
LEYLOTNC KLVNTKAC. KAVOVTAC VAV HETOAOYXNUATIOMO WC
MPOC TO TN METABANTH OTOV GEOVva Y , EXOVLHE YPAUULKN
oxéon yia m = 0: daypauuo Fermi-Kurie.

dR/dE, :
;

3 1
(Z4, E.)E.(E? m2c4)%] stant)(Ey — E.)[(Ey — E.)* — mic'].

—p——

Onou: E, = Q tng dudonaong

[ME,)/pNF1H

40000

'H - 3He + ¢~ + 7+ 18.6 keV.

N(E,)

20000

Without Coulomb
correction

m, <4.35eV
T Background
| | ] | I [

> 4 6 8 10 12 14 i6 18 2 (Belesev, A. 1. et al. (1995), Phys. Lett. B 350, 263)

(E,—mc?) (keV)

MANBLOPOC
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Fermi-Kurie plot

Effects of a finite neutrino mass on the Kurie plot

The Kurie plot K(E,) is a convenient linearization of the beta spectrum

~ /2
dN /2
dE
K(E) = o< | (Q - EE)'\j (Q-E_)? - M,2c
GF |Mif|2 F(ZlEe) S(Ee) [1 + SF{(ZlEa)I(Ee-l-mEGE)
zero neutrino mass
-E-— Kurie D'Ot finite neutrino mass
near Q /
o effect of:
= background
= energy resolution
» excited final states
Q
| | - I(dN.‘dE) dE = 2(8E/Q)3
- Q-M,c?2 Q Q-oE o
A.T |



MaCa v # O(MapaTnNPEROAUE “TAAAVTWOELC” V) : €va

€100C VETPIVO LETATPEMETAL OE Eva AAAO -> ylveTOL

uévo av ta vetpiva £xovv pala: apa €xovv paca...
MINOS experiment

MufAl Tunnel Project

This is the most precise measurement of Am2.
The results are: Am?,, = 2.43*0-13_, .. eV?/c*
(90% confidence limit) and

sin‘(26,,) > 0.90 (90% confidence limit +

1 . OAAG N pala toug elval Té6oo
= MLKPN TOL UTOPOUVME TIOAD AVETA
va Th Bewpolpue 0 OTLC MUPNVLKEC
avTLOPAOoELC

CEFERAL LF Pl 1D



3) B-6Laomnoon: EVEPYELOKEC OLVONKEC
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B 15X— ,Y+e +v,
Br [0X— ,AY+e +v,

A - A
EC |, X+e —» ,  Y+v,

n— pt+e +v,
p— n+e' +v,

pte — n+v,
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EvepyelakEC oLVONKEC yLa dlaoracn B
Evepyslak) ovvOAkn B-:  Inpeivon: M (* X)=M(A,Z

atopov

A

7 X— JAY+e 49, Oa mpénel Q>0 = Q= (M(4,2) - M(4,Z+1) - m,)é
' / m[(M(A, Z)-M(A,Z+1))E >0,

ATIO O10TI|p1OT EVEPYELNG TIPLV = UETA,

pe p&deg MuprVaV, OTOL PETH YpAQW: Omouv M(A,Z) ot aTouIKEG PACEG:
AX)=M . (* X)-Z*m dpa MPEMEL va naipveTe v’ SYIvV
mwp" 7 atépov” 7 e OQac Kal Ta NAEKTPOVIA ATOMOU.

Znueiwon: oTav oac éivovral ot
2nuelwaon: ATOUIKEC UACEC, AUTEC VTOBETOVV
P=Parent = o nuprvac “yoviéc” TOOQ NAEKTPOVIA O0Q MTPWTOVIA.
D=Daughter =06vyatplkd¢ nuprivac

Av oké@TOoMaL KaT' evOsiav

A A - - € QTOMLKEC MACEC, a A
ZX__) Y e vV HE aTOpKEG padeG, N Baoikn

7l . O€a gival: Ta aTOULKA
— NAEkTpOVIa BplokovTal amnd tn
— ML& oty otnv GAAN UE

MEPLOOOTEPA TIPWTOVLA OTOV
+ e |_|_ V2 nupnva.
_>| Mala atd : Z )
MOL UE: Z+1 MpwTovLd
= 7 Kal Z+1 nAekTpdvla
_
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EvepyelakEC ovvBnRKec yia dudomoon B*
Evepyelakil ouvOAKNn B+ :
Q = (Mp — Mp — m, —my)c”

= (M(A,2) - M(A,Z - 1) - 2me ~m,)c?
~(M(A,Z) — M(A,Z — 1) — 2m.)c?

A A +
s X— , . Y+e +v,

+ et +v
-~ a) MaCa atduov ue: Z-1
= MPWTOVLIA Kal Z-1 nAEKTPOVLA
oLV

B) 1 mAeovalwv NAeKTPOVLO
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EvepyelakEC ovvBnKec yia B-dldomnaon
EvepYELaK OLVOAKN COAANYNC NAEKTPOVIOL (EC, “K-cOAANYN”):

A - A
, X+e — ,  Y+v,

Q = (Mp +m, — Mp —m,)c?

= (M(A,Z) — M(A,Z - 1) —m,)c?

~|(M(A4,2) - M(4,Z - 1))c* > 0]

H avtidpaon cOAANYNC nAektpoviov (EC), unopel va mpokOyeL amd tnv ypaoen
TNC avtiotownc eElowonc B* , yeTagépovTac To e* 0To aPLoTEPO OKEAOC,
onodte To et ylvetal To “avtifetd” Touv. AvTiBeTO, HE TNV £VVOLA CWUATLO-
QVTIOWHATLO (“OWHATLO” = “OowpaTidLo”: 600 AEEELC Yo TO (OLO pAyua).

Katd ouvbnkn: To e €lval To owpaTtidlo kal to e lval To avTIowuaTidLo.

To v_elvat owpatiblo kat To v_ givat avt-owpatilo.

2NMElWON: YEVIKA TTAVTWCE, TO va YPAWw TNV avtidpaon dev onuaivel OTL emLTpEMETOL
KoL evepyelakd! Edw BERBala n EC elval evepyelakd KaADTEPN amnd tn B+

Xte—> "'Y+v

Ze = / T TN
Ze (Z-1)e H&D) I(Z'l)e \
|+ V
- @ -t

a) MaCa atdéuov ue: Z-1
nPwTovLa Kal Z-1 nAekTpoOVLQ,
oLV

B) 1 mtAcovdlwv NAEKTPOVIO TO
omo{o To MIAVEL 0 TLPAVAC KL £TOL
MELWVEL TA TIPWTOVLA TOL
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B-OL0OTIAOELC: EVEPYELOKEC OLVONKEC

- |a A - = _
B , X— ;. Y+e +v, n— p+e +V,
B* |5X— ,4Y+e +v, > p— n+e +v,

A - A _
EC ZX-I—e — z-1Y+Ve p+e — n+v,

1) Evepyelakl ouvOAKN B nueioon: M . (" X)=M(A,Z)

aTopov ~ 7

X L AY+e 4V, Oa mpémel Q>0 - Q= (M(4,2) - M(4,Z +1) - m,)c?

~[(M(4,2) - M(4,Z + 1) >0,

2) Evepyelakj ouvOnkn B+ :

= (Mp — Mp — m. —m,)c?
A A + ( ¥ o D e v
, X— , . Y+e +v,

= (M(A,Z)-M(A,Z-1)-2m, —m,)c?
~|(M(A,Z) — M(A,Z — 1) - 2m,)c?

3) Evepyelakni cuvOAKnN au)\)\mpnc nAektpoviov (EC, “K-ou)\)\ntpn")
A = (Mp +m, — Mp —m,)c?

ZX+e - ,5Y+v
=(M(A,Z) - M(A,Z —1) —m,)c?
~|(M(A,Z) - M(A,Z - 1)) > 0.

e
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[MPOZOXH #1) av 6xL and Baolkn o€
Baolkn Katdotoon:

e Ot TwuEC Tou Q mnov dlvovTal oTa MPONYOLHEVA Elval yia B-
Sloomaocelc amnod

- Tn Baolkn 0TAOUN TOL MATPELKOD VPNV
- 2Tn Baolk) otabun Tov BuyaTPLKoL VPNV

* Av nAue o€ SleEyEPUEVN KATAOTAON TOV BuyaTolKoo (UE
evépela AE mdvw amnd tn Baolkn tov), ToTE TO Q £Lvat
ULKOOTEPO KaTta AE. AvTto To Q' elvat mov uotpalovtat w¢
KLVNTLIKI) EVEPYELQ TA MPoiovTa.

Q' = Q- AE

MNatpLkog

: Fa

OuUYATPLKOC

A.IN.© - 11 Noe. 2013 K. Kopddc - NMupnvikA & Ztowxewwdn | - M&Bnua 5: B-dtdonaon, A' (v, Q-values) 24



[TPOZOXH #2) IYeTIKQ UE TIG KLYNTLKEG
EVEPYELC TWV TPOLOVTWVY HLacC dladonaonc:

To Q Tn¢ avtidpaonc (dragpopd palwv HETAED TWY AVTLOPWVTWY
KOl TIPOLOVTOWVY) HOLPACETOL WC KLVNTLKA EVEPYELX OTA TIPOLOVTA

2 TLC OLOOTIAOELC UE TIPLPNAVEC KOl CWHATIOL GAQa oL £lval
"Bapld" owpoTidLa, HMOoPOoOE va TTOLPE OTL BEV €lval
OXETIKIOTIKA, KL £TOL KOVOLE dLOTAPNON OPHNG KOL EVEPYELOC
LE TOLC KAQOOLKODC TOTIOLC KLVNTLKAC EVEPYELEC KOL OPUNC.

Otav dpwc £xovpe eAappd ocwuaTidla (NAekTPOVLA, VETPIVA,
OKOMO KOl JLOVLD), TOTE TA CWHOTIOLA paC €(vol OYXETIKLOTLKA
KoL BEV UTTIOPOUHE VO KAVOLM QLTH TNV TPOCEYYLON, AAAX TIAUE
KOVOVLKA UE TN dLaTPNON EVEPYELOC KOl OPUAC
XPNOLHLOTIOLWVTAC TLC OXETIKLOTIKEC EELOWOELC.

Ertionc: av £yovue pévo 600 mpolovTa, TOTE TO IOON OPHN Kol
noon evepyela nailvel o KaBEvac touc eival andAvta
KaBopLlopévo, ondte Kal 1 eEKATOMUPLO OLOTIACELC va
napatnEAooLUE, Ba MalPVOLUE TIAVTA TO (OLO ATIOTEAECUA YL
TIC OPMUEC KOL KLVNTLKEC EVEPYELC TWV TIPOLOVTWV.
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[TPO2OXH #2) ZyeTIK& PUE TLC KLVNTLKEC
EVEPYELC TWV TPOLOVTWVY HLacC dladonaonc:
e 2TNV nMEPlTWON TNGC aA@a didomnaong ival

Ta =Q *M / (Ma + M ), EVW

),

OTIOTE APOL OTLC BLOTIACELC AAPA €XOLHE OTL O UNTPLKOC KOl O
BuyaTPLKOC TuPNVAC eival avw amnd 210+ ocvvnBwc ToTE
elval OK mov A€pe 0tL To Ta eival epimov 6Ao To Q TNC
avtidpaonc/didomnaonc.

BuyaTpLlkoL BuyatplkoD

= Q * Ma/((Ma + M

BuyaTtpLlkoD BuyaTpLlkoD

e Av £YoupE OuwWC Tpla mpolévTa, TOTE ALTA potpalovtal Tn
SLaBEaLun evEPYELD UE BLAPOPETLKO TPOMO KABE popd, KL £TOL
OV MOPATNPNOOLUE TIOAAEC dLaomaocelc, Tote Ba Ho0uUE PLA
OAOKANPN KOTAVOUN VLA TLC KIVNTLKEC TOULC EVEPYVELEC.

Etol n KNtk evEpyela TwWV NAETPOVIWY OTLC B-dLaomdoEeLC
malpveL TIHEG amo 0 €wg Q. (Av To veTpivo Exel paga m , n

KLV TIKI) TOU NAEKTPOVIOV TAVEL UEXPL Q - m , TO MOAD).
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Aoknon 1

r r 14 r r ’ r
To 106700 Tov dvBpoka * C mapdyeTon amd mPNVIKEG AVTISPATELG TV

l4 ’ ’ 4 4 14
KOOUIKQV OKTIV@®V 0TIV ATHOOQXIpa. AlXOTIATAL OlVOVTHG 7N.

a) Tt eidouvg diaomaon eival; AwoTte TNV aviidpaon TG S1XCTTAONG.

B) Av ot atopkég padeg “C ko “N eivar 13044,00 MeV/c? ko 13043,85 MeV/c?
AVTIOTOLXQ, TIOOT] ELVAL ] EVEPYELX IOV ATEAELOEPWVETAL KATA TNV avTiOpaon;

Y) £XEOIXOTE TO EVEPYELOKO PACUN TV NAEKTPOVI®V.

Ai{vovTtat ot padec:

M(n) = 939.6 MeV/c?>> M(p)=938,3 MeV/c?, M(e)=0,511 MeV/c?
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Aoknon 1 - Abon (a,B)

¢ @) “C->"N +e +v, ; Q=M"C)-M("N)=0.15MeV

* B) ATOMKEC paAlec (M): bilvovTal mdvTta yio dtopa UE (00 aplOuod
NAEKTPOVIWY KoL TIPWTOVIWY
Baolkn W8éa: Ta aTOULKA NAEKTPOVLIA
. BplokovTtal and TN pLd oTiyury otnv GAAN
- . ME MEPLOOOTEPQ TIPWTOVLIA OTOV MUPAVA.

+ e+ v Md&Cla atépov pe: Z+1 npwtédvla
: Kot Z+1 nAekTpdvia

.
wus®
ot
.
.
* .
0000
.........

« ZHMEIQZzH:

Av OEAOULME, UTIOPOVME VA SOVAEDOLME HE TLPNVIKEG HACECM (mlwp):

14 — 14
m“up( 6C) = mnup( 7N) +me+Q

OTIOUL: m“up(AZX) =M_. (" X)-Z*m_=M(" X)-Z*m,

aTOpOov

M(* C) = 6*M(e) = M(* N) -7 *M(e) + M(e) + Q ==> Q = M(** C) - M(* N)
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Aoknon 1 - Abon (y)

¢ A)¥C->"N +e +v, —; Q=M("C)-M("N)=0.15MeV

* B) ATOMKEG paAlec: dlvovTal mavTa yia dtopa Je (0o aplBuod
NAEKTPOVIWY KoL TIPWTOVIWY — . .
BaolKnN WO&Ea: Ta aTOULKA NAEKTPOVLA
BplokovTtal and TN pLd oTiyury otnv GAAN

*

. LE TIEPLOCOTEPQ MPWTOVLA OTOV TLPRVA.

+ e+ v MaCa atépov pe: Z+1 mpwTtovia
Kal Z+1 nAekTpovia

“““

* V) Evepyelakd pdopa nAektpoviwy
= KO TOVOMUN TWVY EVEPYELWY NAEKTPOVIWVY /

= NMANBLOUOC NAeKTPOVIiWY (AEovac V)

oav ouvapPTNON TNG

EVEPYELAC TOL NAeKTpPOviov (AEovac x) S\

T(e) = E(e) - m(e) c2
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Aoknon 2: B-6taondoelc (B-, B+ kot cOAANYN
NAEKTPOVIOL)

AtvovTtal ol AToPLKEC palec (o€ amu). Me 6edoévo 6TL N paca
TOoUL nAekTpoviov elvatl 0.00055 amu, deil&te mold vOuKALdLO o€
KaBe CevyocC €lval aoTtaBEC, YE TTOLO TPOTO dLaoTATOL KoL
Bpeite TNV evépyeLa ov eAsvBepwveTAL OTN dLdonaon:

71 PF  19.0045
Li 7.0182 (3) 2
3

(1) 7Be 7.0192 19Ne 19.0080

4P 33.9983
349 33.9978

5) 385G 34.9791
501 34.9789

o) 3¢ 13.0076 (4)
13N 13.0100

Baolkr 1O€a KAl AMAVTAOELC:

*To BapLTEPO VOLKALBLO dLaomnaTal, dpa €lval To Mold aoTaBEC.

*OAec oL mepntwoelc €xovv AA=0 (6ev dilvouv a-dldonaon) kat AZ=0 (dev
&6(vouv y-dLdomnaaon)

1.AM=0.001 amu <0.0011 amu, Be gival padlevepyd cOAANYNC NAEKTPOVIOL
2.AM=0.0024 >0.0011 to N €ivaL B* Kat cOAANYNC NAEKTPOVIOL
3.AM=0.0035 >0.0011 to Ne ivat B* kat cOAANYNC NAEKTPOVIOL
4.AM=0.0005 o P slval B

5.AM=0.0002 To0 S eilval B
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Tnv enouevn eopa:
3-6Ldomaon - OTLY KoL T PLTL
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