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@ Physics motivation
© LTNO principles
© Polarex set-up

@ Formalism

@ Current analysis
© What’s next ?




Polarex : Which Physics ?

Low Temperature Nuclear Orientation (LTNO) J

Study of nuclear magnetic properties of nuclei under extreme conditions

B~10-100T
T~7-20mK
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Polarex : Which Physics ?

Low Temperature Nuclear Orientation (LTNO)

Study of nuclear magnetic properties of nuclei under extreme ConditionsJ

B~10-100 T 4
T ~7—20 mK g

e Indirect measurement of multipolarity mixing ratio §
@ Direct measurement of nuclear magnetic moments

e Applications in solid state physics (Hp )
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Introduction to LTNO
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Introduction to LTNO

Energy

Very low temperatures
= Boltzmann distribution

no field
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Introduction to LTNO

Very low temperatures +

HPGe High magnetic field
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Introduction to LTNO

Energy Energy

no field

population population
magnetic
field on — — F—
warm cold NMR+cold

B = Bapplied + HHf

RF on = Destroy the anisotropy
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What is Polarex ?
The Set-up

o A 3He - *He dilution
refrigerator

e A supraconductor
magnet

e A ferromagnetic foil for
the implantation of the
nuclei

o 4 HPGe detectors with
associated electronic

o Nuclear magnetic
resonance
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What is Polarex ?

Location

Located at ALTO in Orsay, France

Currently off-line
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LTNO Method

Very low temperatures +

HPGe| High magnetic field
a1k = Angular distribution of the
ok emission is anisotropic W ()
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LTNO Method

Angular distribution of the emission

Neora(0
W(0) = L() — 1 ZB)\U)\Q)\AAP)\(COSQ)

Nwarm(e) A

Il[J B}\
B |
. /U* By (Iy,T) : Orientation parameter
- Uy Ux(I;,If) : Deorientation coefficient
o L o Qx(0) : Solid angle correction
1" _A _______ Ay(0) : Angular distribution

! e Py (cosf) : Legendre polynomial
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LTNO Method

Angular distribution of the emission

Neoa(0
W(0) = Neata®) _ + >~ BAUAQAAxPx(cosb)
Nwarm(‘g) A
b g
B |
) /U* i By(Io,T) : Orientation parameter
o Uy Ux(I;,Iy) : Deorientation coefficient
_ L U i Q2 (0) : Solid angle correction
Bv _A _______ Ax(0) : Angular distribution
. o Py(cos) : Legendre polynomial

B, depends on the spin and the temperature
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LTNO Method

Angular distribution of the emission

wW(0) = M = 14> B\U\Q\A)P\(cosb)
Nwarm(‘g) by
b g
B/ul i B (Ip,T) : Orientation parameter
L . ) i Ux(I;, If) : Deorientation coefficient
W i Q@ (0) : Solid angle correction
O 2 S S — 3 Ax(6) : Angular distribution
va| M Py(cosb) : Legendre polynomial
I3

U, occurs at each "hidden" transition
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LTNO Method

Angular distribution of the emission

Ncold<9)

W(H) = =14+ Z B)\U)\Q)\A)\P)\(COSH)
Nwarm(a) A
b g
E/ul B (I, T) : Orientation parameter

h . ; Ux(I;, 1) : Deorientation coefficient

W " Qx(0) : Solid angle correction

Ml 3 Ax(9) : Angular distribution
vo| M Py(cosf) : Legendre polynomial

The multipole mixing
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LTNO Method

Angular distribution of the emission

W (9) =

Ncold (9)
Nwarm (9)

=143 BA\U QAA\Px(cosb)
)\

Y2

A(Z0,T) : Orientation parameter
A(Zi, If) : Deorientation coefficient
Qx(0) : Solid angle correction
Ax(9) : Angular distribution

Py (cosf) : Legendre polynomial

SR

B F)\(L, L, If, Iz) + 25F)\(L, L,,If,fi) + 52F)\(L/, L,,If,fi)

Ay =
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Current Analysis : Two Methods for one ¢

Angular distribution of the emission

Ncold(‘g)

W0 = Noorm(®

= 14> Bx(lo, T)UxQxAxPh(cost)
X

Method 1 : Direct calculation of the parameters

o Temperature dependent

@ Need a good knowledge
of the level scheme

564
26Fe
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Current Analysis : Two Methods for one ¢

Angular distribution of the emission

W () = ) _ 1+ Ba(lo, T)Ux@QxAxPx(cos0)
Nwarm(a) 2\

Method 1 : Direct calculation of the parameters
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Current Analysis : Two Methods for one ¢

Angular distribution of the emission

Ncold (9)

W0 = Noorm(®

=143 BA\UrQxAxPx(cosb)
B

Method 2 : Relative calculation with a pure transition

e Pure multipolarity

B/ o » A, computed directly
A)\ = F)\(L,L7 If7]Z)
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Current Analysis : Two Methods for one ¢

Angular distribution of the emission

Ncold (9)

W0 = Noorm(®

=143 B\UrQrA\Px(cosb)
By

Method 2 : Relative calculation with a pure transition

e Pure multipolarity

lo

By

B/ o » A, computed directly
A)\ = F)\(L,L7 Ifa I’L)

A e If the transition is associated to a

pure one

Is » Same B and U,
» (), depends on the energy
» Temperature independent
Ay 3= W) 4 [W(m/2) — 1]
Ay 1 —-W(0)] 4 [W(m/2) — 1]
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Current Analysis : Sources of **Mn, *°7%8Co and **Fe

Produced by fusion-evaporation d+Fe at 11 MeV/A
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Current Analysis : Corrections

o Evaluation of the temperature (5°Co inside the refrigerator)
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Current Analysis : Corrections

e Evaluation of the temperature

e Correction of the energy fluctuation in the calibration
= offset + gain
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Current Analysis : Corrections

e Evaluation of the temperature
o Correction of the energy fluctuation in the calibration
e Background substraction

= "Trapezium method"
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Current Analysis : Corrections

Evaluation of the temperature

Correction of the energy fluctuation in the calibration

Background substraction
Correction of the dead time
Correction of the activity A = exp(—AAt)
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Current Analysis : Corrections

Evaluation of the temperature

Correction of the energy fluctuation in the calibration

Background substraction
Correction of the dead time
Correction of the activity A = exp(—AAt)

) N(©)
n(g) o T%s (T’tot - Tdead(e))A
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Current Analysis : Corrections

Evaluation of the temperature

Correction of the energy fluctuation in the calibration

Background substraction
Correction of the dead time
Correction of the activity A = exp(—AAt)

) N(©)
n<9) o T;s (T’tot - Tdead(e))A

Last on going correction : Coincidence summing effects
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Current Analysis : Preliminary results
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Current Analysis : Preliminary results

Level scheme of °5Fe
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Current Analysis : Preliminary results
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Current Analysis : Preliminary results

Level scheme of °5Fe

211 2t —| i .
' -
064 s A% 1 1]
f i
7 - ][ . k
607 o 2% li 1 i, .
of H . i
; fi 1 i
From 4049 keV
bio 2 o From 3123 keV level Il
g e From 3856 keV From 4100 keV  From 4120 keV
& level level level
£
Z
e i
From 4298 keV|

Mixing ratios of the |
transitions sorted by |
level of emission “heuve tistrentn| PRELIMINARY

+ Direct (T dependent)

Rémy Thoér (CSNSM) PolarEx Juin 2019 16 / 17



What’s next ?

In 2019 NMR commissioning : magnetic moment measurement '3?Ce
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Off-line physics case : Study of Pm isotopic chain (A=147, 149, 151)

e Measurement of Hyy of Pm in Fe

@ Measurement of the magnetic moments of Pm isotope
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Then... by 2020

On-line physics case : Study of Sb (A=130, 132, 134)
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What’s next ?

In 2019 NMR commissioning : magnetic moment measurement '3?Ce

Off-line physics case : Study of Pm isotopic chain (A=147, 149, 151)

e Measurement of Hyy of Pm in Fe

@ Measurement of the magnetic moments of Pm isotope

Then... by 2020

On-line physics case : Study of Sb (A=130, 132, 134)
Thank you for your attention

Thanks to collaborators : I. Deloncle, C. Gaulard, F. Ibrahim, F. Le
Blanc, S. Roccia, D. Verney and ALTO staff
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New line under construction

Tube aryo
Cagedeforaday
Iris T j
—~ Quadripole
Steerer riplet
MLLTRAP ALTO Beam
. Déflecteur S0°
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Polarex : Which Nuclei ?

e Limitation on the life-time

» Need time to reach a
thermal equilibrium

o Minimum flux of 10? ions/s ...

e ... and a maximum of 107

ions/s
Need energy of at least 40 keV

= At the end, around 300 nuclei are accessible at ALTO for On-Line
Nuclear Orientation method
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Off-line study : Pm

e Hpy in Fe is badly known : 400 £ 100 T°
o 1(*7"Pm) is known by laser spectroscopy : +2.58(7)

e Measurement of the resonant frequency (LTNO/NMR)
= AE = uB/I
= Precise Hy ¢ in Fe at Pm site

e Measurement of the magnetic moments of 14%1Pm isotope

47Pm : 2.62 y
149Pm : 53.08 h
151py . 284 h
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LTNO Calculations

W(o) = Neaal®) = Ba(Io, T)UrQxAxP(cost)
Nwarm(e) by

W(0) =1+ BUsQ2A2 + BoUsQ4 Ay
W(r/2) =1 — §BUs Q242 + 3 B4UsQ4As,

s(1-W(0) + (W(r/2) - 1)

—IByU>Qs
W 2(1=W'(0) + (W'(r/2) = 1)
2 _ZB/U/Q/
g8 2Y 22
Ay A -W(0) + (W(m/2) - 1)
Ay S =W(0) + (W'(m/2) = 1)
Ay 5(1=W(0) = (W(r/2) - 1)
Ay (1 =W(0) = (W(x/2) = 1)
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