A. L. Barabanovl2, O. A. Titov!

!National Research Centre " Kurchatov Institute”

2Moscow Institute of Physics and Technology

ICPPA-2015

1/18



© B-beams

© Hyperfine effect
© Nuclei selection

© Summary

2/18



B-beams Hyperfine effect Nuclei selection

Neutrino beam applications

Problems
e Oscillation experiments
o Search for neutrino magnetic moment
o Refining of the weak interaction constants
o Coherent scattering off nuclei
o Elastic/inelastic scattering of v on nucleons and nuclei

Summary

Requirements
e v of single flavor
o Precise knoweledge of spectrum
o Precise knoweledge of intensity
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B-beams Hyperfine effect Nuclei selection Summary

[-beams

The idea of 5-beams (P. Zucchelli, Phys.Lett.B, 2002)

Source [-radioactive nuclei/ions in a storage ring

High v = neutrinos are emitted within angle § ~ 1/~ =
beam collimation

Neutrino energy (in lab frame) E, ~ 2yE? > E?

e-capture beams (J. Sato, Phys.Rev.Lett. 95, 2005;
J. Bernabeu et al., JHEP, 2005)

Source: ions with electron-capturing nuclei
Neutrinos are monochromatic in the ion rest frame = if
~v > 1 one obtains a monochromatic beam in lab frame




B-beams Hyperfine effect Nuclei selection Summary

[-beams
_E:’[_j_l_q?Q%‘ Existing at CERN /\
’ " | DECAY
Proton RING
driver
B=5T
Isol target L =6880m

& Ion source]

psB v

Possible S-beam facility (C. Volpe, J.Phys.G, 2007)
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Total angular momentum conservation || | /12

F=Il+1/2=1"+1/2 F=1-1/2
For Gamow-Teller transition I’ = [ £ 1:

I"=1—1= decay occurs from F =/ —1/2

I"=1+ 1= decay occurs from F = [ +1/2 /=141
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3-beams Hyperfine effect Nuclei selection Summary

Requirements for nuclei

o Spin/parity: 1 #0,I'=1+1, 7' ==

o 3% decay is suppressed, @ < 2m,.c?

o Transition to only one state of daughter nucleus 98 — 100%
o Half-life 2 s < Ty < 10% s ~ 11.6 d.
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B-beams

Hyperfine effect

Properties of selected nuclei

Nuclei selection

Summary

2X " Tip | 22X I'™ | E', keV | Qec, keV | P, %
BGe | 1/27 | 11.4d Ga | 3/27 0 232.6 | 100
07Cd | 5/27 | 65h | 'YAg" | 7/27 93.1 13232 | 99.7
1187 Sh 8 | 50h | ¥sn” 77| 25748 1332 | 983
BiCs | 5/2% | 97d | Xe | 3/27 0 354.8 | 100
¥la| 5/27 | 195h | %Ba | 3/27 0 1207 | 98.1
%Er | 5/27 | 75m | Ho | 7/2~ 0 1211 | 99.9
%Er | 5/27 | 10.4h | Ho | 7/2~ 0 378 | 100
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B-beams

Hyperfine effect

Properties of ions

Nuclei selection

Summary

ax ™= w/un | Type | |Awne], eV | Awr, pm THE, S
BGe | 1/27—=3/27 | 4055 F 0.041 30.2 1024
109Cd | 5/2F— 7/2% | —0615 | A 0.105 11.8 26.3

118m Sy 8 =77 2.32 0.433 2.86 0.46+, 0.41—

BCs | 5/27— 3/2% | 4354 | A 0.973 1.27 0.046
¥la | 5/27— 3/27 | +3.70 A 1.162 1.06 0.027
Er | 5/2"— 7/27 | +0.56 F 0.346 3.58 1.03
9Er | 5/2"— 7/2~ | 4064 | F 0.399 3.10 0.67
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B-beams Hyperfine effect Nuclei selection Summary

Summary

o Usage of modulated monochromatic v.-beams is proposed

o The requirements for source nuclei are stated
o Possible source nuclei are selected
o The most promising nucleus is ‘33Er
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Thank you!
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Backup slides
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B-beams Hyperfine effect Nuclei selection

Hyperfine splitting

Splitting

Apyr =

Relativistic factor
1

AlaZ) =
(zm _ 1) V1-a2Z72

Summary

—F =1 +1/2
Anr
—F=1-1/2

For large Z there are significant radiative and finite-size corrections

~ 5%.
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E1 — forbidden (by parity)

M1 — allowed
4O[|AHF|3
F. F)=———
wir (F2 = F) 371,(mec2)2><
% 1 ) I, F2:I+1/2—)F1:/—1/2,
2/ +1 I+1, RR=1-1/2—>F=1+1)/2.
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3-beams Hyperfine effect Nuclei selection Summary

Induced transitions

Magnetic field
h(t) = ho (ex coswt + e, sinwt)

Perturbation operator

V() = () T
State vector y

EFt h

Z aFf ‘Ff -

System of equations for amplitudes

(Er—Ep/)t

J A

a-Ff = == Z aF’f’ Ff|\/( )|F/f,>
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B-beams Hyperfine effect Nuclei selection

Resonance

Resonance condition
. E—E |Apr|

h h

Dominant transitions |Ff) <> |Fo f + 1)
System takes form

drnr(t) = —iQF p are(t),
éFlf(t) = _iQr-_le aF2f+1(t)‘

W

Rabi frequency

Lsho 1 1
Qfr, = —5 V3R 1) WS RL F) CEF

2
W is Racah function, C is Clebsch—Gordan coefficient

17/18



3-beams Hyperfine effect Nuclei selection Summary

Resonance

Simplest case:

(1} F2:F1+1(M>0),

@ all unexcited ions are in f = F; state
= transitions ‘F1F1> <~ ’F2F2> with

QFf _ ksho 21
AR Vor+1

Typical period Ty = 27h/ughg
For radiation intensity S = ch3/(4m) ~ 1 W/cm? one obtains
To~11-10"5s. 18/18
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