Cyb6atomHa ¢usmka/2014 - 11



EHepreTnka Ha npoueca

E; = Ef + E, + T PR’
E. i £ Y R Ty = —
-> >
\ Ey 0 = pr + Py
E, Pr = Py Ey, = cpy
E2 ) AE  1/2
AE = E; - Ef = By + —— E,(=Mc[—1i(1+2—) ]
2 Mc? Mc?
AE (~ MeV) « Mc” ( ~ A10° MeV)
EcTecTtBeHaTta wmpuHa Ha y-nunusaTa I =i/t
(h= 6.58x1022 MeV.s; ©>10"13s) € HAKOSIKO rnopsiabka
no-Marnka — HaMa camonornbliaHe.
s — ~10°MeV
OcBeH npu edekta Ha Mossbauer.
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OunnonHo (L=1) EM nsnbyBaHe

EnekTpuyeH - E

HEA B

d =gz
B 1 »
1 X

Marduten - M

icos (wt) A

lanbyeHa eHeprmns 3a eaAnHuLLa BpeME (naneqe oT VI3TO‘-IHI/IKa)

E
dp 1 w?
= d? sin? e
dQ 3272 g, c3
1 w*
P = d?

12 ey, c3

B (%) = -B (-2)
A(EL=1) = - = (-1) ™
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dP 1 wt X
_ = U sin® ©
dQ 3272 g, cb
b 1 w*
12 rey, cb
YeTHoCT
B () = B (-2
7 (ML=1) = + = (-1)"*
3



N-nonHo EM mn3snvuBaHe

1) brnoBoTO pa3npeaernenn Ha n3nbyeHaTa eHeprus He 3aBUCK OT TUNA
Ha U3TOYHKKA (MAarHUTEH UIN eNTEKTPUYEH), @ CaMO OT MYNTUMNONHOCTTA,

. 4
kato P, (cosf): dP _ 1 Y &2 sin’e P (cos6) = 0.5 (3cos?6 -1)

dQ 3272 g, c3

dP
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N-nonHo EM mn3snvuBaHe

2) YeTHOCTTa Ha M3nbYeHUTE NosieTa 3aBMCK OT TUMNa Ha U3TOYHMKA
(MarHUTEH NN eNeKTPUYEH) U OT MYNTUMNONHOCTTA Ha MoNeTo:
L 1+L
7t (EL) = (-1) 7t (ML) (-1)

3) MianbyeHaTa 3a eguHMLa BpeMe eHeprus 3aBUcK oT MyNTUMNOSTHOCTTA
Ha nonerTo:

1 w? 2
P = 2 (L+1) c W \2L+2 2
12 ne, o3 P (oL) = (=) m (o)
1 w? ) eo L[(2L+1)!!1]2 ‘¢
P= U oL = EL nnn ML
12 meo m=dwunup/c
[Tpexon KbM KBAHTOBO ONMcaHue
+ L+ 2
me; (OL) = f&; m (oL) Y; dv 2 (oL) = P (oL) - 2 (L+1) (3)2 1[mfi (oL) ]
ho o AL[(2L+1)1!1]%2 ‘e
87 (L+1) (EX‘““
A (oL) = B (oL; I; » I¢)

AL[(2L+1)!1]% \Ac)

| (Iflﬁ(o, L) 1 Ii) 12
B(O’l,’ Ii—)If) =

2Ii+1

L — nbneH MOMEHT Ha UMIyrica Ha y-KBaHTa Mo oTHoLlleHue Ha aapoto — L > 1
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OueHkn Ha Weisskopf

I'Ipe,u,nonarame, 4ye CaMO €4u1H HYKJIEOH y4aCTBa B MNMpexoia.
[ (If [ ﬁ(o, L) Ii) 12
2 I; + 1

B(oA; I;»>1If) =

Onepatopu Uy = :_ﬁ - 3.1525 x10 eV /T
m
A
- by ~ A N 2 2
Qau = ;ei r: Y, (i, ;) M, = Hné(gs(l) S; +)L_+1 g( l) [Vr Y, (6, <P)]
~ er Y. (6, @) X Uy T L (6, 9)

BbnHoBa yHKUMA — egHo4acTuyeH cnoect moaen | Nejj, S) « R(x) ¥, (6, ¢) xs
* NpW Npexoga CNMHOBOTO CbLCTOAHUE HE Ce NPOMEHS
* MPEexXoabT ce U3BbLPLLUBA OT CbCTOAHME C | =L B cbcTOAHME C | =0

* 32 pagunanHarta Jact npegnonarame: (const) 2 J‘er dr = 1

R const r < R I ¥ S S
(r) { 0 r >R - const = V 3/R3
- - A _S_'
3 T2
J\/‘ —rdlr _ 2+Ld1r J\/r = r°dr
0
3
- R _ L-1
L+3 R

L+2
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OueHkn Ha Weisskopf

EnekTpuyHn npexoau MarHuTHM npexoau
3 2 10 3 2
B (EL) = ( ) R2L B (ML) = ( ) g2 L-2 “fq
47 ‘3+L TT 2 + 1,
_ 2L 3 \? 2n/31 2 2L ~ 212 10 3 \2_ (2a2)3 2 2 1-2
= (1.2) g (3+L) A [e (fm) ] = (1.2) — (2+A) A [1y (£m) ]
87 (L+1) (EY‘ZL”
A (oL) = B (oL; I; -» If)
AL[(2L+1) 1112 \Ac) 13 3
A (E1l) = 10* A*°E] A(Ml) = 5.610° EJ
MuHUManHM CTOUMHOCTHU 7 72/3 @5
7 A4/3 5 =
A(E2) = 7.310'A""" E; 33 nageHa macosa A (M2) 3.3 12/:‘ ; By
A (E3) = 34 A’E] o6racr! A (M3) = 16 A" Ey
_ -1
A(E4) = 1.1107°a%2E] A7SHE=MEV 5 M4y -4.510°A%E°

* eHepretTn4yHa 3aBUCUMOCT — TpuU paBHU OPYyrn yCJiIOBUA BEPOATHOCTTa 3a Nnpexon HamalndaBa C
HaMalridaBaHe eHeprndaTa Ha N3JTb4BaHUA y-KBAHT.

* MyNnTUNoOJiHa 3aBUCUMOCT — MPU paBHU AOPYrn yCNnoBUA BEPOATHOCTTaA 3a Mpexoq HamalidBa C
yBEIlMM4aBaHe MYITUNOJTHOCTTA Ha U3JITbY4BaHUA y-KBAHT.

* 3aBMCMMOCT OT TMMNa Ha npexoda — MNpU paBHM OPYrKU YCNoOBUS BEPOSITHOCTTA 3a MPEexod C

n3nbyBaHe Ha MarHUTEeH 7y-KBaHT € [MO-Marnka OT BEepOATHOCTTa 3a Npexo C M3nbyBaHe Ha
eneKkTpudeH y-KBaHT !

Cy6aTtomHa cmamnka/2014 - 11 !



OueHkn Ha Weisskopf

NAE
.. Dedopmauna = lonemn Q = lonemu B(E2) _

1016 i -
3
1012 =
% -
&
108 -
5 : '
D, ' ]
< 104 - | LINES GONNECT ISOTOPES 1
P/ :.l:l = -Ill:- =1 - 1] Il;ll:l III': 43 II!-I:- IlII:I b;l:l =1 .|"I-|:l Fa i
< Mass Marmbar A
1 = 1 1 1
|I:I'L- e
1074 -
B
108 4 -
ET.'IIJ E _
F
[ P RO ]
50 100 500 1000 =t '*ﬁ:‘qﬁ i ' .
Ey[ke\/_l M : l"..i"" ] =
S. Raman et al., P
Atomic Data and Nuclear Data Tables 78, 1 (2001) =+ = ™ UMES CONMECT SOTGPES
W w wm ®m mm e m m @ mm m m;
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[MpaBunna 3a oTbOP

| i

L =AI, AT +1, AT + 2,
(6e3 L=0)

oL

EAI, M (AL + 1), E (AL + 2),

2t—0*: E2
2t—2* M1/ E2 ¢ -

-

é
! L I. = I +
| \"" ¢ | Ii — I¢ |
f

V3 E, (Y 1E1y)

AT = |L-I¢|
oc=E = (-1)"
TG g = 7Tx{c=M = (-1) ™1

AI - ueTHO
At - ma
oL = MAT, E (AI+ 1), M (AI + 2),

5/2*—1/2*: E2
712—3/2: E2

oL

MAI, E (AL + 1), M (AT + 2),

1*—0*: M1
1*—1*: M1/E2

5/2*—3/2*: M1/ E2

5/2-—3/2-: M1/E2
Cyb6aTtomHa ¢m3nka/2014 - 11

10 ke (Ys 1 M)

3—1*: M2/E3
7/2+—3/2-: M2/E3
0t—4: E4
Al - HeueTHO
At - pa
oL = EAI, M (AT + 1), E (AT + 2),
3—2": E1
6—3": E3

9/2—1/2*: E4
3/2—1/2*: E1



AapeHn nsomepu

B1b30yoeHn sapeHn CbCTOAHUSA, KOUTO XUBEAT “ObIro”

~10-9
Tatom™ 10 S, Tﬂ,u,p

\
(718) 21
: 1y 4433
18* 4122 s 436
3997 | e
686 417
9
- 8 8%

'
) b
b
~
3
-
=
\‘N)
&
g
§‘]:zj— ~
R

826 LLJ
2447
12¢ { 215° K™ w16
580 Tva= 3
o;_é,g'
6 632
4 306
20
MGy X B

b
C’Uﬂlvlvll‘lﬂ WVIOVII\GILU = - 1L

~

.= 1012 s = ycnoBHoO “AbNro”= gocrarbyHo 3a POPMUPAHETO
Ha aToMHa ODBMBKA T

anpo= 10 NS

[MfpyymHa — HUCKM  (MHOro  rnof
elHoYacTUYHUTEe oueHkn) B(oL) n/mnu
Bb3MOXHOCT 3a pasnag camo npes
3abpaHeHun npexoau:

* HA4aJ1HOTO U KpaIZHOTO CbCTOAHME NMaT
CUJTHO pas3rindaBalla ce eaHO4YaCTU4Ha

CTPYKTYpa,

* HAYanHOTO U KPANHOTO CbCTOSAHME UMaT
CUITHO pa3nuyaBalla ce gedopmaums;

* HAYarHOTO U KPaMHOTO CbCTOSHNE
nmart “BaneHTHN  HYKINEOHU CbC
CNUHOBE, OPUEHTUPAHU B Pa3fiNyiHu
MOCOKMU;
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BbTpelwHa KoHBepcKuAa

BespagnaunmoHHoO npegaBaHe Ha eHepruaTa Ha

e oL
s SO0pEeHUa NpPexo Ha erneKkTPoH OT aToMHaTa obBUBKa.

nf

I

AnpeH npexog 0*—0* e Bb3MOXEH caMO Ype3 BbTPELLUHA KOHBEPCUAL.

* € He ce cb3aaBa npu npoueca * €4HOCTDbIKOB MNpouec
T. = AE - B — OUCKPETEH eneKTPOHEH CNeKTbp,
3aBUCELL OT eHeprudaTa Ha npexoaa u

CTPYKTypaTa Ha aToMHaTa 0OBMBKa

E, [1paros npouec
AE>B

C nocrneapawlo
XapaKkTeEPUCTUYHO
PEHTIEHOBO NMbY€eHNEe

N
I

nnn Oxe (Auger)

> eNEeKTPOHU
e 11

M
1111 -

I
I
I
»>|
|
I
»>|
I
I
I
I
I
I
I
I
E
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KoepuumneHT Ha BbTpeLlHa KOHBepCKUA

|7 EEL A A = Ay + Al a:l_e Av = Ay (1 + )

|
\ A
Y
A Y, oL PasnaabT we 6bae no-o0bp3, OTKOMKOTO ako MMa caMo y-npexoa.
T
f

A = Ay + Ak + AL+ Ae,Mm+t -... = Ay (l+ag+ap+oy+ ...)

a = Og+0;, +Qy + ... A, = Opr + Qprr + Orrrr
y-pasnajn BbTpeLLIHa KOHBEPCUS

(£, mg 1 M (o, Lm) 1 i, m) (ez|(f, mg 1 M (o, Lm) 1 1, m) | e)

Ay o Mgz (oL) 17 Ao « [Me;  (oL) 17

@ - HE 3aBUCK (OVUPEKTHO) OT AApeHNTE BbIHOBU (OYHKLIMK, @ CaMO OT aTOMHUS
HOMep Z, eHeprusaTa Ha npexoga T, u MynTUNOMHOCTTa Ha npexoaa L

Z3 1, 2 4 2 2 ( L+5/2
a 5Ly « — [—) (=) (22
n3d \L+1) \4negic) |\ E )
Z3 e2 4 2 C2 L+3/2
o (Muy = — | | (22
Cy6aTomHa U3k n3 \ 4 ey hic )\ E ) 12



KoedpuumeHT Ha BbTpeLlHa KOHBepecus
2y () (A 2 (e ) (2mc?)
n? \L+1) \4negic) | E ) 03 I\47reohc)l \" E )
* KOE(PMLNEHTUTE HA BbTPELLHA KOHBEPCUSI HApacTBaT C HapacTBaHETO

Ha aTOMHUA Homep: Z3;

L+3/2
a (EL) =

a (ML) =

« KoedULMEHTNTE Ha BbTPELLHA KOHBEPCUA HamMansBaT 6bp30 C
HapaCTBaAHETO Ha eHeprmaTa Ha Npexoaa;

* KoOedMLMEHTUTE Ha BbTPELLHA KOHBEPCUS HapacTBaT Obp3o C
HapacTBaHETO Ha MYNTUNOMHOCTTa Ha Npexoaa;

104 ~ 10t
—~ 2 - oL
- 10 10 2 =08
~ .
o] 1071k
X 2L
10-2 z 10
B 10—3 =
10-4 |- E1l
[ [ [ [ [
1 1 1 1 1 1 1 1
0,2 0,51,0 2,0 5,0 0,2 0,5 1,0 2,0 5,0
E [mec?] E [mec?]

* KOE(ULUNEHTUTE HA BbTPELLHA KOHBEPCUSI HamMmansaBaT Obp30 C
HapaGEBAHRERMA HOMepa Ha enekTPOHHUA Crou, 13



EkcnepmmeHTanHo onpeaenaHe Ha KoepULUUEHTUTE
Ha BbTpeLlHa KOHBepcUs
10 E1

LS
L

[psko - B~y cnekTpockonus | /
I, '

o = abCcornTHO n3mMepBaHe 6 |
I Ha UHTEH3MUBHOCTTA
Y 4 F E3
2: E4 Z=33
(0474 K A1 LI
a, L ' A1z LIT A ° ojz | Iol,5 1I,o
Elmec?]
banaHc Ha MHTEH3UTETA NO Yy banaHc Ha uHTeH3uTeTa no
CE
| ., « I Iﬁ
y1r @1 y2r @2
_w "_ I,y, a
Iy3, Qg

E
l+ox

Ip = I, + I, =1
le (1+a1) + IYZ (1+a2) = IY3 (1 +a3) B € ¥ € ol
CybaTomHa pu3mnka/2014 - 11 14



Pe30HaHCHO nornblaHe Ha y-KBaHTU

Eiv Ii 10'6_10-3 eV ) Ef, If
= (AE) 2 (Ey) £
.;vvys.y EY = AE - AR = EY - 0%
Ef’ If ¥ 2 MC2 2 MCZ AP Ei, |i
h2dE
P (E)dE = =
(fzc\z 2I.+1 ' . (E-E,)*+ T3/4
o T e E_)I 27T +1 I 1
Y i+
(T /2)?2 ©
(o) (EY) = O 2 =
[EY—(AE+ER)] + (T'/ 2) % y
't = 2] 'SE
[lonnepoBo pasLivpeHue
E;'=Ex (lxv,/c) |
5 10 15
MVX
P (Vx) = @ 2kT P (EY) = e 2kT (1-E, /Ex)

Vo

Loz dtskd2510.025 eV, E =100 keV  A=0.1 eV



Pe30HaHCHO nornblaHe Ha y-KBaHTU

oAU g 2 412keV 2+, 412 keV
wzps, =2x105eV t=32ps, '=2x105eV
AN .
198H(q 0" | ~r 0 198Hq
E.,)? 2
Er = &) = (0.416 MeV) = 0.46 eV Doppler T shift
2 Mc? 2x931 MeV/c2x198 xc2

A = 0.36eV

A

E, = AE - 0.46 eV E, = AE +0.46 eV
AE = 412 keV

3a aToMHO nbyeHune E, ~ 1012eV
3a agpeHo nbyeHne e Heobxoaumo aa KomneHcupame pasnukaTa 2Eg.



Kak ce noctura?

* TONJIMHEH METO — NOBULLABaHe Ha Temnepartypara Ha U3TOYHMKA U
nornbTUTENS — yBenuyaesa ce [lonnepoBoTo paslumpsiBaHe.
* METOA, Ha UeHTpodyrata — [lonnepoBo ycuneaHe Ha U3NMbYeHUTE y-
KBAHTW. E, = E,+2Ez =E, (1 +Vv/c)

2 Ex v =2.2x10"°¢c

I .. v o= E, c = 670m/s

» ecbekT Ha Mossbauer (1958 — HobernoBa Harpaga) — nanbysawmTe U

nornbLUaLlM atoMu ca BrpageHn B KpUcTtanHa pelleTka Egx = (Ey)?/ 2 Mc?

o, Jrereustuningfomrssonence 5%y HAOMOAAaBa ce ecTecTBeHara LnpuHa Ha
-

| | | | | | | | J'II/IHI/IFITa
Yelocity of source in cmis Ve ource
4 c2 0 ¢ 4 6 8 10 57 . ¢ PE30OHAHCBLT Ce pa3pyLlaBa J1ieCHO MNpu
| ter Blatt, 1 MaJiKn CKOPOCTM Ha N3TOYHMKA ~ mm/s

see ref.

* MO3BOSIABA M3creaBaHe Ha edheKkTu,
naunckeaLm ToyHocT ao 1012 — edbekTw,
CBbP3aHu C KpUcTanHaTa CTpyKTypa, aapeH
eekT Ha 3eeMaH, e(PeKTU CBbpP3aHN CbC
CBpbX(uMHaTa CTpyKTypa 17

&bzorption
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p - MUHYC Bupose B - nnoc

A A L= A A 4
XN 241V T E TV, XN "2V ne1 T ET g

14 14 - 18 18 +
6Cg — N7+ e + v, oFg —%g0 0+ €7 + v,
Pauli (1930) — HeyTp1HO — HeyTparHa, MHOro fneka Yactvua CbC CnuH
1/2, KOATO OTHACH 4YacT OT eHeprudaTa U UMnysrica Ha npoueca

erneKkTpoHeH 3axsaT NBOEH B-pas3nan

A SN -
Xyt € z1 YN+t Ve AXN— MY T2+ 2y,

Cy6aToﬂﬁBR|44Kal2§14 11 36Kr45 T Ve 823689 48 —>8236Kr46 + 2e + 2v]9



[-pa3nagbT HA HUBO KBApKK

B B EC

A A - A A +
AN "za¥na € Fve A Xy — A Yy e 1y

N
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EHepreTUYHu pasrnexkaaHua
n—sp+e+vy t,,=885.7s
Q=(mn_mp_me—1n;)cz Q=Tp+Te+T§', sz0.3keV
0(T; =Q) <Te < Q(T; = 0)

U3mepeHaTa (T,),,, = 0.782 £ 0.013 MeV

2 2 2 2
= MpC - MpC - M C =— My C = 939.573MeV - 938.280 MeV - 0.511 MeV - m; c”

2
= 0.782MeV -m; c m.c® = 0  CToyYHOCT 13 keV
Ee=Te+mec2='\/p2c2+m§c4 E: = qc
, L, = A A 2
ﬂ . AZXN — AZ+1YN-1 + e + Ve QB_ = [mN (Zx) — My (Z+1Y) - me] Cc

Z
m (?X) c® = my (QX) c? +Zmec2 - ZBi
i=1

Z Z+1
Qp- = {[m (X) - Zm] -[m (3,Y) - (Z+1)m] - m}c® + { }'B; - > B;]
i=1 i=1

=[m®*8) -mPy]®>o0

Q/3_ = Te + E;

Cy6aTtomHa ¢m3mka/2014 - 11 21



B A XN — A2 Y e Y,

Qs = {[m (zX) - Zm,] - [m (3.,¥) - (Z-1) m] - m}c’
= [m (*x) - m (*Y) - 2m]

EC: A XN+ e — A2 Yt ve

Oec = {[my (zX) - (Z2-1)m] - [my (z,¥) - (Z2-1)m] }c® - By (z,Y)

= [m (®X) -m (*Y)]c® - B, (3.,Y)

AKo B* pasnagbT € eHepreTMyHo Bb3MoXXeH — EC CcbL0 € Bb3MOXeH

Ako EC e eHepreTM4yHO Bb3MOXEH % [* CbLLO € Bb3MOXEH

Cy6aTtomHa ¢m3mka/2014 - 11 22



Teopuna Ha Pepmun

* e'(e*) n v ( aHTn-v) He CbLUEeCTBYBAT Npeaun pasnaga;
* e’(e*) nv (aHTn-v) ca penaTtmMBUCTKM YacTuuw;

* HEMPEKbCHATUAT CNeKTbp Ha e (e*) TpsibBa Aa Bb3HMKBA KaTO €CTECTBEH pe3ynTar
Ha TeopuaTa;

1934 r. E. ®epmu: 6eTa pasnagbT ce ObMKN Ha B3aMMogencTeme, MHoro no-cnabo ot
B3aMMO4EeNCTBNETO, hopMMpaLLO SOPEHUTE CbCTOSHUS, T.€. BEPOATHOCTTa 3a Npexo Moxe Aa
ce n34uncnm neptypbaTtnBHo:

2 77 | I

= —— | Vi |

A | |
3naTHo npasusio Ha Pepmu

o (Eg)

H
Ve = L_ i E/A é (1 . ii'f . ) zé JlopeHLoB MHBapWaHT V-A BsaumoaeiicTame
Al o *{V( ca s \ VV E.= 1MeV p=1.4MeV/c
_ iqg.x/A ~ . ~ _
SV " U s )"y 5 p/h=0.007fm pr«l
Ve = 1 W Op s dy = Me; He 3aBUCM OT eHeprusaTa Ha npoueca,
575 NE VB YNL Hv = vV npubnmxeHne Ha paspeLLeHun S-pasnagu

CybaToOMHa (puU3mnKa/zu14 - 11



dopma Ha B-cneKkTbpa B UMMNYNICHO U eHepreTM4YHO NpeacTaBsiHe

C

N (p) = C_ZPZ[Q - \/p?c?+ m2ct 4 mecz]2
N (T.) = % \/Te2 +2T.mc?2 (Q-T.)? (T +mc?)
Q=2.5 MeV
967 MeV/c

N(p)
N(Te)

0.5 1 1.5 2 2.5 3

p(MeV/c)

T.(MeV)

Cyb6aTomHa msnka/2014 - 11 25



OyHKUMA Ha Pepmu

57 I 5 |
~ ol ]
4 — —] 4
. 3 — .3
g — 7 t:m
2
2 o < 2
N - ] 1
olL | ' oLl
0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 A0.7
N(T.=0) 0 TeMeV) (Tomax N(T.< 0.025 MeV) = OT,(MeV) (Te)max
npuBANYaHe OTONMbCKBaHEe

F(Z',p) unn F(Z', T,) — yHKUMA, KOATO oTymnTa KynoHOBOTO
B3aMoAdencTBmne Mmexay [S-4yactuyara n OblepHOTOo 94p0
Cyb6aTomHa msnka/2014 - 11 26



”3a6paHeHM" ,8-r| pexoau

VA VA ~2
pa3peLueH|/|

Mg, HE 3aBUCUN OT EHEPINATA —

1 "
Vei = — J-Wféf Op Y dv = - He oKa3Ba BNnusHNEe Ha crnekTbpa

S(p,q) — eHepreTnyHa 3aBUCUMOCT 3a
cTeneH Ha 3abpana —1, 2... 336paHeHI NPexoan

dopma Ha B-cnekTbpa
« Ctatuctnyeckn aktop p?(Q-T,)?> — 6por AOCTBHMNHN KPaNHN CbCTOSHUS;
* OyHKUMA Ha Pepmun F(Z',p) unu F(Z', Te) — otynTa B3anmMogencTene
MeXxay f-4actuuaTta U AblepHOTOo A4p0;

« MaTpuyeH enemMeHT Ha npexoga |Mq|?
« dopm-dakTop S(p,dq) — oTYMTa BIIUSHMETO HA MATPUYHUA ENTEMEHT Ha

npexoda Bbpxy hopmaTta Ha crnekTbpa 3a 3abpaHeHn npexoau

N (p) «p” (Q- T)°F (Z', p) | Mg; 12 S (p, 4

Cyb6aTtomHa ¢m3nka/2014 - 11



I'pacI)MK Ha KIOPWU (Kurie, amepukanew)

Pa3pelueHu

N (p)

Q- Ty « \/
P2 F (2', p)
°°Ga(0*) — %°Zn(0*) + e* + v,

] L 1 | 1 ]
L0 20 30 40 50w 80 ro BO a0

Cyb6aTtomHa ¢m3nka/2014 - 11

3abpaHeHu
N (p)

Q- T, oc\/
P?F (Z', p) S (p, 9)

NY(1/2) — 91Zr(5/12*) + e + v,

H't"n
_ .
"
- -"""#-h_
w5y,
.
| -.h-h‘"l-.
HH“.h
I | =
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MpuBeaeH (cpaBHUTENEH) NEPMOA Ha NOAypa3najaHe

2 I Mi |2
=2 - F(z', p)p (Q- T.)?dp - 3a paspeLleHn npexoan
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[paBuia 3a oTOOP 3a pa3peLleHn npexoam
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MpaBuna 3a oT6op 3a 3abpaHeHn npexoau

: 1 1
I-ﬂI 0, = — ei‘_i'f/fl R — (1 + + .. ] _ _
! o N Vv ) P(,=0) =1

2
ooz —— P 1 o) Ble=1) = (0.04)
vV Vv P(,=2) = (0.04)"
1+ (0.04) + (0.04)% + ....
273n’
ft1/2= 0.693 * * * ~
gmict | Mg; 12 Mie = gj[wa ©s @] Op Yy; dv
Q = 1MeVvV Te = Q Pe = 1.4MeV/c P(¢,=0) » P(¢e=1) » P(b=2) ....
pR/A =0.04 <+ =0.04n BCSIKa CTErneH Ha p.r 4aBa Makcumym [ =1#
, 21 e = 3abpaHeHn npexoam OoT NbLPBUY NOPAObLK
= 14 f i - ey

‘ AT - ma N(1/727) > Y0(5/2") +e + ¥
= (-1)" = -1 ®Br (1) — °se (0*) + e* + v
depmu npexoan: S = 0 AL = 0, Lizzgy o7y _, 1220 (2%) 4 &= + §

(6e3 0 — 0)
GT-npexog: s =1 AI=0,1, 2
pa3speLueHu 3abpaHeHun
CBPBX HOpMaJsiHu . 2 3

nopsabK nopsabK nopsabK

lgft cpenHo 3a rpynarta 3-3,5 5 9 15 18




dopma Ha B-cneKkTbpa M Maca Ha HEYTPUHOTO

2
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2
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E, » m, C

dN dN e
Akom =0 () peorws o Akom #0 B) pepm |
n dp B dp

3
2
g

0

18.55 18.56 18.57 18.58 18.58 1B.60 18.61

Cyb6aTtomHa ¢mnauka/2014 - 11



o

o

(&)
T

| o vaine 5855 2004 1. — Mainz - m_ < 2.3 eV (95% CL)

— fit for m,?=0

count rate [s-1]

O Mainz 2001 data

0.03F
ooal tritium B-decay and the neutrino rest mass
0.01F § = SH S5 3%He + e + Ve haff life : t,,=1232 a

B end point energy . E, = 18.57 keV

superaliowed

0 IR A B A R A U
18.55 18.56 18.57 18.58
retarding energy [keV]

o 1.0 entire specirum : region close to § end pont
E
= AB i
g 0.8 ';‘
[1+]
& bl m{ve) =0 eV
o 06 T [
5 5
g T;; 04
w 04 ! ol 13
o3 y 2= 107 of all
v 02 decaysin last 1 ey
0.2 0
/ [ I I I
0 4 .3 2 1 0
2 4] 10 14 18
E-E;[e
electron energy E [keV/] o [eV]

Cyb6aTomHa msnka/2014 - 11 33



Maca Ha HeyTPUHOTO

« Y
Main spectrometer
Pre-spectrometer _ , _ :
_ inner diameter of the cylindrical section: 9.8m,
diameter: 1.68m, total length: 23.28m
length: 3.38m inner surface: 650m?2,

volume: 1400m3

XHV conditions with a pressure of < 10-11 mbar in both spectrometers.

KATRIN - Karlsruhe Tritium Neutrino Experiment
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There is a slight problem of
transportability from Deggendorf to
Karlsruhe: The tank is too big for
motorways, and the canal between
the rivers Rhine and Danube has
to be ruled out, too. Thus, instead
of a journey of about 400 km, the
spectrometer has to travel nearly
9000 km as indicated in the map.
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