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Nuclear b decay: a laboratory to test the Standard Model 

Nuclear b decay = semi-leptonic process governed

by weak interaction (WI)

 possible tool to study WI

Why ?

How ? Precision measurements of

• Correlations between particles momenta or momenta and spins

• "ft" values

in

pure decays

(F or GT)

& mirrors

(F + GT)

SM structure & conditions Possible tests

• V-A theory (W±, Z0 = mediating particles)
 CScalar = CTensor = CPseudoscalar = 0

• Maximal Parity Violation (MPV):  Ci = Ci'
• Time Reversal Invariance (TRI): Ci real
• Conserved Vector Current (CVC)
• 3 fundamental particle families

• Exotic "currents" beyond V-A
 new mediating particles (leptoquarks…)
• Violation of fundamental symmetries:

right currents, CP violation,…
• CVC hypothesis, unitarity of CKM matrix 

(precise determination of Vud)
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Search for "traces"

Meet the beast

Hergé, "Tintin au Tibet", Ed. Casterman

low

energy

(q << M)

high

energy

(E ~ M)

Sensitive tool to test the electroweak Standard Model, 

complementary to high energies measurements

Nuclear b decay: a laboratory to test the Standard Model 

EFT

makes

the link!

3

González-Alonso et al PPNP104 (2019)

& Experiments to be performed clearly targeted

@ LE in nuclear beta decays
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Exotic currents beyond V-A theory

D-correlation

)EE(J

)qp.(J
  D
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
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T odd

(= 0 in SM)

(= 0 in SM)

(= 1 in SM)

(= -1/3 in SM)

• Correlations between particles momenta
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D-correlation
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Exotic currents beyond V-A theory

• Correlations between particles momenta

 measurement of coefficient a:  sensitivity to recoil energy 

b is present and experiments give access to:   ො𝑎 = 𝑎 + 𝛼𝑏

where α depends on experiment

 measurement of coefficient b:  beta energy spectrum shape

or   ft_value: eE

cm
e dpb1pW

e

e )()(
²

f ~ 

!

González-Alonso & Naviliat-Cuncic PRC94 (2016)
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Correlations measurements: which precision is relevant? 

Between particles momenta P, T conserving

F GT Mirror

-1 < a ≤ 1
Exotic Scalar currents

-1/3 ≤ a < 1/3
Exotic Tensor currents

a (r)

where r = GT/F

Test of V - A theory

in V - A frame

determination of r

𝑎
Ԧ𝑝𝑒 . Ԧ𝑝𝜈
𝐸𝑒𝐸𝜈

< 0.1% to stay competitive

with HE physics

~ 0.5 % is sufficient High precision

experiments !

Needs:

• Sources as clean as possible in vacuum 

(very low energy recoil ions)

• High stats:  Intense radioactive beams

 high solid angle

 Fast DAQ

• Deep knowledge of experimental setup 

(systematic effects)

• Traps

• New generation of facilities

(example: GANIL/SPIRAL)

• Setup arrangement

• New generation DAQ system

• Realistic simulations

6

Vector Parity Time

p
J

- p
J

- p
- J

González-Alonso et al PPNP104 (2019)
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The LPCTrap setup

 b - recoil ion detection 

in coincidence

 a deduced from recoil 

time-of-flight distribution

recoil

b

beam

• Decay source confined in a transparent Paul trap

• 6He: Good candidate

 Pure GT transition: T vs A

 100% G.S. to G.S.

 Reasonable T1/2 = 806.7 ms

 High Qb = 3.51 MeV,  Tmax = 1.4 keV

 High production rate: 2 108 ions/s 

Simulation for 6He+ decay

ab=-1/3

ab=+1/3

6Li2+6Li3+
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LPCTrap @ GANIL

LIRAT

LIRAT

LPCTrap

Production target

ECR source

Beams characteristics: 

• 10-30 keV, 80 p mm mrad

• rate:  107 - 108 ions/s

SPIRAL beam:

10-30 keV

DE ~ 20eV

Paul trap:

Effective potential:

2-3 V?
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LPCTrap @ LIRAT

HV

Pulsed cavity

Beam from

LIRAT

Paul Trap

RFQ
(Cooling & bunching)

Pulsed cavity

10 keV 100 eV - <1 eV 1 keV 100 eV 0 eVKEion :

DKE: ~20 eV ~1 eV ~0.1 eV

• Buffer-gas: H2 (He for heavier nuclei)

• Accumulation: 200ms (cycle: 160 + 40)
~1.5 108 6He+/s ~4 104 6He+ /cycle

Total efficiency: ~ 10-3
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Trigger: b  scintillator

Parameters:

 b energy
 b position 

 recoil ion ToF
 recoil ion position

+ timestamp in cycle 
& trap RF phase

 Time of flight of RI

 BG suppression

 Control of systematic effects

 Control of results consistency

• < 2010 •  2010

b
telescope

Recoil ion (RI)
spectrometer

RI charge state distribution 
(shakeoff)

E. Liénard et al., NIMA551(2005)

LPCTrap: The detection setup

Free flight
tube

Lens

Post-
acceleration
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First experiment with LPCTrap: the 6He1+ case

Fléchard et al., J.Phys.G 38 (2011) 
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c2 / ndf = 0.915

(ndf = 106)

ab = - 0.3335 (73) stat (75) syst

7.5total

off-line  

measurement

1.72.5%V
RF

theoretical 

calculation

0.60 - 0.05Shake off

GEANT41.910%b Scattering

present data0.9Background

GEANT40.810%E
si

present data0.8E
scint

present data0.30.2 mmd
DSSSD

present data1.30.5 %MCPPSD calibration

present data0.30.145 mmMCPPSD offset (x,y)

present data0.10.003 rady
MCPPSD

present data0.10.003 radx
MCPPSD

off-line measurement6.86.5%Cloud temperature

MethodDab (x 10-3)UncertaintySource

Systematic error budget

 Best precision on aGT using 
coincidence technique (Da/a = 3%)

 Good control of experimental &
simulation parameters

~ 5x104 experimental good  events

Systematic error dominated

by the cloud size

• Pure Gamow-Teller decay → Exotic Tensor currents (ab ≠ -1/3)? 

11

2006
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First experiment with LPCTrap: the 6He1+ case
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p-value=0.37

Couratin et al., PRL108 (2012)

 Analysis performed to extract P_shakeoff

(complete simulation @ low statistics: ~ 4x105)

Pshake-off = 0.02339(35)stat(07)syst

- High precision: DPshake-off = 3.6 10-4

- Excellent agreement: Theoretical value 0.02322

 About aGT :

- (DaGT /aGT )stat~ 0.45 %

- Difficulties to properly reproduce different

experimental distributions  bad Chisquare!

1.2x106 good events recorded

Li3+

Li2+

Improvement of ion cloud modelling 

including gas cooling & space charge 

effects (GPU's, CUDA)

 CLOUDA  (home-made code)

Fabian et al., Hyp. Inter. 235 (2015)

• Pure Gamow-Teller decay → Exotic Tensor currents (ab ≠ -1/3)? 
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LPCTrap, 6He1+: results & status

• Realistic cloud @ fixed T°

decay (fixed a) 

b tracked in GEANT4

recoil ion (2+ or 3+) followed by SIMION
in realistic fields (trap & spectro)

• In practice, experimental data are fitted with several simulations:

 with different cloud T° (range including the "real" T°)
 with different values of a (range including the final a)
 with different ion charge states, 2+ or 3+

Free parameters:   T, a, SO probability and d(source-RI detector)

MCP 

this shape also depends
on this distance
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LPCTrap, 6He1+: results & status

• Promising results!
• Preliminary value:   a = -0.3364    Xhi² = 1.004

(low statistics in simulations so far)

• Statistics  sstat ~ 0.0015

• 1st study of syste. (T, BS, Calib)   ssyst ~ 0.004

expected sa /a < 1.5 %

Recoil ion ToF
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b
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Exotic couplings: Overview of "a" measurements

adapted from González-Alonso et al PPNP104 (2019)

8Li 2 2 predom. GT/ba a -0.3342(39) 1.17%

6He 0 1 GT/b- recoil â Analysis under way ~ 2%

6He 0 1 GT/b- recoil â Analysis under way ~ 1.5%

Year / Setup

1963

1999

2004

+


6He is the best GT candidate

 Almost nothing new since 1963 ….

 LPCTrap experiment still probably the present most sensitive!

 relative error and/or    sensitivity to "b"

González-Alonso & Naviliat-Cuncic PRC94 (2016)

ො𝑎 = 𝑎 + 𝛼𝑏

where α seems higher for the back-to-back configuration of LPCTrap…

Motivating to finish the analysis … but is it still relevant?

2015

MOT (Seattle)

Paul (Caen)
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A(60Co)

A(67Cu)

a(6He)

a-b-(8Li)

Exotic currents beyond V-A theory: status

SCALAR TENSOR
B.R. Holstein JPG41(2014)

N. Severijns & B. Blank, JPG44(2017)

Circles
because

)C ,(C 2
AV,

2
S,T

a

)C ,(C 
AV,S,T

b

pp → e + MET+ X channel

( ) 1
/1


 FbEmFt

Hardy et al PRC79(2015)

• Best constraints from "b", but "a" adds limits... ("b" unsensitive to right-handed  !)

• In green: constraints from LHC (CMS data)

Precision level at 10-3 needed to compete with LHC

𝐶𝑆
′

𝐶𝑉

Τ𝐶𝑆 𝐶𝑉

LH 

RH 

LH 

RH 

a @ ~ 0.5% a @ ~ 1%

Thanks to EFT!

෤𝑎 ≈ 𝑎(1 + 𝜅𝑏)

Cirigliano et al PPNP71 (2013)

González-Alonso et al PPNP104 (2019)
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LH RH

𝐶𝑆/𝐶𝑉 < 0.0038 0.068

𝐶𝑇/𝐶𝐴 < 0.0064 0.078

González-Alonso et al PPNP104 (2019)

pp → e + MET+ X channel
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Exotic currents beyond V-A theory: status

adapted from González-Alonso et al PPNP104 (2019)

 Many projects with precision targeted @ ~ 0.1%

 LPCC involved in 2 projects  WISArD @ ISOLDE

 b-STILED @ GANIL
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Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)

• Collaboration CENBG, LPCC, ISOLDE, IKS/Leuven, NPI/Cz Republic, …

• Funded by the French Research National Agency (ANR, 2018-2022)

• Measurement of  a in 32Ar decay through b – delayed p coincidences

DE between pup & pdown

32Ar+

Si1U Si2U

Si2DSi1D

p'

p b+

Sc
in

t.

Catcher4 T

WISArD @ ISOLDE
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• Measurement of  a in 32Ar decay through b – delayed p coincidences

32Ar+

Si1U Si2U

Si2DSi1D

p'

p b+

Sc
in

t.

Catcher4 T

GT                IAS: Fermi transition

Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)
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• Measurement of  a in 32Ar decay through b – delayed p coincidences

32Ar+

Si1U Si2U

Si2DSi1D

p'

p b+

Sc
in

t.

Catcher4 T

Beta Plastic

scintillator + SiPM

Catcher: 6.7µm

Aluminized Mylar

proton Si detectors planes
(FWHM ~ 35 keV @ 3.3 MeV)

 Test experiment in Nov 2018

 Detectors from scratch

Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)
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• Measurement of  a in 32Ar decay through b – delayed p coincidences

32Ar+

Si1U Si2U

Si2DSi1D

p'

p b+
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in

t.

Catcher4 T
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 Test experiment in Nov 2018

 Detectors from scratch

 Only 35 hours of data taking

 Unexpected results:

ã
b

F = 1.007 (32)(stat) (25)(syst)

ã
b

GT = -0.222 (86)(stat) (16)(syst)

V. Araujo-Escalona et al., PRC 101 (2020)

3rd best result in the world!

Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)
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• Projected results: 0.1% seems accessible!
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      (CMS, LHC 8TeV, 20 fb
-1
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Left-handed

neutrinos

WISArD

Future(!) LHC (14 TeV)

González-Alonso et al PPNP104 (2019)

• Mnewboson > 5 TeV

2

2

W
i

new

M
C

M


Beta Plastic

scintillator

+ SiPM

Catcher:

0.5 µm

Proton SSSSD 

detectors

Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)

(FWHM ~ 10 keV

@ 3.3 MeV)
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• Projected results: 0.1% seems accessible!
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       (proj. LHC 14TeV, 300 fb
-1
)

 b (0
+
->0

+
)

Right-handed

neutrinos

Contours Dc
2


R
e

(C
' S
/C

V
)

Re(C
S
/C

V
)

Left-handed
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WISArD

Future(!) LHC (14 TeV)

González-Alonso et al PPNP104 (2019)

Schedule:

 2018-2024: ISOLDE (32Ar)

 2020: experiment accepted by INTC

 2025- …: DESIR

• Higher intensity

• Test of theoretical corrections

• Other candidates (24Si, 36Ca, …)
• Mnewboson > 5 TeV

2

2

W
i

new

M
C

M


Exotic currents beyond V-A theory: the project WISArD

WISArD (Weak Interaction Studies with 32Ar Decay)
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Exotic currents beyond V-A theory: 2 promising projects

II. b-STILED (b: Search for Tensor Interactions in nucLear bEta Decay)

• Collaboration LPCC, GANIL, LnHB

• Funded by the French Research National Agency (ANR, 2021-2025)

• Determination of  bGT in 6He decay with the b spectrum shape

 b scattering  "Calorimetric" method

Low Energy High Energy (in the sense of Nuclear Physics)

Implantation on

the surface

( 2 detectors)

Implantation in depth

R(beam) > R (b)

 HE setup already tested @ MSU

X. Huyan et al., HI237 (2016)

X. Huyan et al., NIMA879 (2018)

 GANIL can host the 2 setups

Schedule:

 2020-2025: GANIL (6He)

 2021: 1st experiment in 3 weeks!

Setup LIRAT Setup LISE
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Correlation measurements: "End" of LPCTrap? Not yet…

Between particles momenta P, T conserving

F GT Mirror

-1 < a ≤ 1
Exotic Scalar currents

-1/3 ≤ a < 1/3
Exotic Tensor currents

a (r)

where r = GT/F

Test of V - A theory

in V - A frame

determination of r

𝑎
Ԧ𝑝𝑒 . Ԧ𝑝𝜈
𝐸𝑒𝐸𝜈

< 0.1% to stay competitive

with HE physics

High precision

experiments !

Vector Parity Time

p
J

- p
J

- p
- J

González-Alonso et al PPNP104 (2019)

 𝜌² =
|𝑀𝐺𝑇|² 𝐶𝐴²

|𝑀𝐹|² 𝐶𝑉²
=

1−𝑎

𝑎+1/3

 In mirror decays, Fermi component is large

alternative to  0+  0+ to test CVC hypothesis

~ 0.5 % is sufficient
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Naviliat et al. PRL102 (2009) Hardy & Towner PRC91 (2015)

Vud = 0.97420 (21)Vud = 0.9719 (17)

MIRROR 0+
 0+

Ft0 = Ft(1+Cr²)

Mirror transitions  vs  Pure Fermi (PF) transitions
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19Ne  21Na            29P            35Ar 37K

(T1/2 , BR, M) measurements

(T1/2 , BR, M, r) measurements R , NS , DR: radiative corrections 

C: isospin symmetry breaking
< 1%

a factor of ~10

less precise

r is the limiting parameter !
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Mirror transitions: Status
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adapted from Severijns et al. PRC78 (2008) and updated

M: Karthein et al. PRC101 (2020)

T1/2, BR: Magron et al. EPJA53 (2017)

M: Kankainen et al. PRC82 (2010)

T1/2: Bacquias et al. EPJA48 (2012)

T1/2: Broussard et al. PRL112 (2014)

BR: Rebeiro et al. PRC99 (2019)

19Ne

31S

T1/2: Shidling et al. PRC90 (2014)37K

T1/2: Long et al. PRC101 (2020)29P

M: Karthein et al. PRC101 (2020)

T1/2: Grinyer et al. PRC91 (2015)

21Na

23Mg

T1/2: Grinyer et al. PRC92 (2015)33Cl

Naviliat et al. PRL102 (2009)

19Ne 21Na 29P 37K

Vud (2009) = 0.9719 (17)

Vud = 0.9719 (17) !

The scientific community involved

in this field... BUT

For Vud determination, 

r improvements are necessary ...
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Mirror transitions: Status

Recent results: Measurement of Ab in 37K (TRIUMF)  &  in 19Ne (Princeton)

• Source confined in MoT of TRINAT

• Detection of b in Z direction

with nucleus polarization in ±Z

• Degree of P measured by laser probe

& detection of photo-ions

→ Ps- = 99.13(8)%     Ps+ = 99.12(9) %

Ab = −0.5707(18)    0.3% relative precision

Vud = 0.9725 (14) !Vud = 0.9719 (17)

one single shot →  clear improvement on Vud & 37K is not the most sensitive case …

Fenker et al. PRL 120 (2018)
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Mirror transitions: Status

• r precisely determined from correlation measurements

Severijns & Naviliat-Cuncic PST152(2013)
)1(

)1(
m 2

3
²

a
r

r






)1J)(1(

)1J(J2²
m 2

A





r

rr

a or  A @ 0.5% ?

(DVud)
limit → only Dr contributes in uncertainty

37K

not the most sensitive

31S

23Mg

21Na
better sensitivity

with

a measurements

LPCTrap@GANIL ?

19Ne

35Ar
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"Mirror" studies with LPCTrap: 35Ar1+ & 19Ne1+ cases

18
35𝐴𝑟1+ → 17

35𝐶𝑙0→5+ + 𝛽+ + ҧ𝜈𝑒

10
19𝑁𝑒1+ → 9

19𝐹0→4+ + 𝛽+ + ҧ𝜈𝑒
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Time of flight (ns)

Cl
+

74.6 (1.0) %

17.3 (0.4) %

5.7 (0.2) %

1.7 (0.2) %

< 1 %

C
o
u

n
ts

Couratin et al. PRA88 (2013)

About am

 (Dam /am )stat~ 0.15 %

 Analysis of data: after 6He…

Shakeoff

 Excellent agreement when including Auger emission

High precision potential result…

About am

 (Dam /am )stat~ 11 %  (am ~ 0 …)

 Analysis of data: after 6He…

Shake-off

 Overestimation of neutrals & highest charge states

needs of e – e correlations for systems with low Z?

Best precision for am but no effect on DVud

Fabian et al. PRA97 (2018)
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1.5x106 good events

6x104 good events
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Nucleus Date a sstat stot (ideal) stot (conservative)

6He 2006

2010

-0.3335

-1/3 (SM)

0.0073

0.0015

/

0.0021

/

0.0052

35Ar 2011

2012

/

0.9004 (SM)

/

0.0013

/

0.0019

/

0.0052

19Ne 2013 0.0438 (SM) 0.0046 0.0065 0.0068

Final results between 2 extrema:   "ideal"     &    "conservative"

ssyst = sstat ssyst = 0.005

s(Vud) / Vud =  1.7×10-3 9×10-4 1.4×10-3

Even in the worst case, the effect would be noticeable!

 Expected results   sa /a :

 Factor gained on   sr /r :

~ 0.21 %

~ 5.4

~ 0.58 %

~ 2.2
35Ar

"Mirror" studies with LPCTrap: 35Ar1+ & 19Ne1+ cases
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Mirror transitions: 2 recent reasons to continue

1.  New theoretical corrections calculations reopen controversy!

)(V
K

CNSRV
PF

Rud

))((tf)Ft(
D





11/2 2

11

Specific theoretical

corrections

Common radiative 

correction

"Old" "Recent" "Very recent"

DR 0.02361 (38)
Marciano et al PRL 2006

0.02467 (22)
Seng et al PRL 2018

Ft
3072.07 (63) s

Hardy et al PRC 2015

3070.50 (117)
(new NS )

Seng et al PRD 2019

Vud 0.97420 (21) 0.97370 (14) 0.97395 (21)

CKM

Unitarity
0.9994 (5) 0.9984 (4)

4 s away!
0.9989 (5)

2.2 s away!

Hardy & Towner PRC91 (2015)

New survey

Hardy & Towner PRC102 (2020)

a factor ~ 1.5 less precise
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Mirror transitions: 2 recent reasons to continue

2.  New global approach  surprising effect of mirror decays!

Falkowski et al. JHEP04 (2021)

A. Falkowski, Workshop MORA, 09 October 2020

When leaving all the

SM constraints,

Mirror decays bring

a gain of a factor ~3

in Vud determination!!

w/o RH  w/ RH 
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II. Correlations between particles momenta and spin

D-correlation

)EE(J

)qp.(J
  D

e

e






T odd

J
𝐷
Ԧ𝐽. Ԧ𝑝𝑒 × Ԧ𝑝𝜈
𝐽(𝐸𝑒𝐸𝜈)

Adequate choice of detector geometry

 Sensitivity to TRV  sensitivity to CP violation (CPT theorem)

new sources expected to explain matter/antimatter asymmetry

 Experimental method:  b correlation and decaying nucleus polarization

LPCTrap-like setup + lasers (optical pumping)

Correlation measurements: "End" of LPCTrap? Not yet…

I.  Correlations between particles momenta: mirror decays for CVC & Vud
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Search for CP violation in nuclear b decay: How?

P conserving

sign changes under T 𝐷 =
2𝜌

𝐶𝑉
𝐶𝐴

𝛿𝐽𝐽′(
𝐽

𝐽 + 1)
1
2 𝐼𝑚( ൗ

𝐶𝐴
𝐶𝑉
)

1 + 𝜌2

Measurement of D ≠ 0 (search for CP violation) has sense only in mirror decays !

D can be ≠ 0 ONLY IF r ≠ 0  & r ≠ 

X n 19Ne 23Mg 39Ca

F(X) 0.3413 (8) -0.4076 (6) -0.5142 (10) 0.5584 (15)
𝐷 = 𝐹 𝑋 𝐼𝑚( ൗ

𝐶𝐴
𝐶𝑉
)

Sensitivity to "New Physics" depends on r and J

𝐷 = 0 in SM  but … ! e- interacts with its environment: EM effects

X n 19Ne 23Mg 39Ca

DFSI (X) 1.1×10-5 1.6×10-4 1.1×10-4 -3×10-5
Final State Interaction (DFSI)

At high precision, experiments could be sensitive to DFSI

𝐷
Ԧ𝐽. Ԧ𝑝𝑒 × Ԧ𝑝𝜈
𝐽(𝐸𝑒𝐸𝜈)

II. Correlations between particles momenta and spin
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Search for CP violation in nuclear b decay: Why?

• Current situation

 CP violation observed in the K, B, D° meson decays is not enough to account 
for the large matter – antimatter asymmetry

 T-odd correlations in beta decay (D and R) and n-EDM searches are sensitive 
to larger CP violations by 5 to 10 orders of magnitude

 Current best results in nuclear decays:

19Ne decay  D = (1 ± 6) 10-4 Calaprice et al. Hyp. Int.22 (1985)

n decay  D = (−0.9 ± 2.1) 10-4 Mumm et al. PRL107 (2011) Chupp et al. PRC86 (2012)

 Final precision of 2×10-5 on D

 probing a new particle > some TeV

A. Falkowski, IJCLab, private communication

Enough room for high precision measurements of D in nuclear b decays

 n-EDM measurement seems to have a higher sensitivity…. 

but  not for all possible extensions of SM (LQ models)

 interpretation less direct
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Search for CP violation in nuclear b decay: the MORA project

𝐷 =
2𝜌

𝐶𝑉
𝐶𝐴

𝛿𝐽𝐽′(
𝐽

𝐽 + 1)
1
2 𝐼𝑚( ൗ

𝐶𝐴
𝐶𝑉
)

1 + 𝜌2
𝐷
Ԧ𝐽. Ԧ𝑝𝑒 × Ԧ𝑝𝜈
𝐽(𝐸𝑒𝐸𝜈)

J

D ≠ 0 in mirror decays Polarization of decaying nuclei Sensitivity to b correlation 

Production of light

exotic species in EU:
- ISOLDE

- IGISOL-4

- SPIRAL1

- …

Optical pumping (lasers)

 very efficient method to

polarize ions/atoms in traps

Fenker et al. PRL120 (2018)

MORA: Matter’s Origin from the RadioActivity of trapped and laser

oriented ions

Building of a new LPCTrap-like setup allowing ion cloud polarization

using lasers, installed first @ JYFL (proof of principle, 1st measurement)

later @ DESIR/GANIL  (higher beam intensities)

TRAP: ideal source for

b–recoil measurements

(TRINAT, BPT, LPCTrap, …)

Burkey et al. HI240 (2019)
Fabian et al. PRA97 (2018)

Delahaye et al. HI240 (2019)
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23Mg1+: the first candidate for MORA

• The pros …

 Gain in sensitivity in NP of a factor 1.5  vs n decay

 Production rates

 > 105 pps @ JYFL, measured in Oct 2018
 > 108 pps expected at DESIR/GANIL

32S1/2

32P1/2
F=1

F=2

F=1

F=2

D1

-2 -1 +2+10

-1 +10

L1 L2

23Mg1+ hyperfine structure F= I+J

• Nuclear spin J interacts with atomic one I
 F=I+J

• s+ or s- light (scan of hyperfine structure)
forces ions in the mF=±F state

L1+L2 lasers excited using a broadband pulsed Ti:Sa
laser (tripled frequency  l ~ 280nm)
s+ polarization

Optical pumping

Neyens et al. PRL94 (2005) Yordanov et al. PRL108 (2012)

 Adapted lasers @ JYFL

 Ti-Sa laser pulsed @ 10kHz

 20 µJ / pulse  ~ 99% polarization degree expected in 1 ms (velocity of 
trapped ions included in simulations)  R. de Groote, X. Fléchard and W. Gins
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• … and cons

 Production rates & contamination

> 105 pps @ JYFL, measured in Oct 2018

with > 200 x more stable 23Na1+

 T1/2 ~ 11 s

 LPCTrap: capacity ~ 105 ions/bunch

ion lifetime ~ 0.5 s

Solution

1) Dedicated new sextupole

downstream the gas cell

2) Use of MR-ToF-MS

1) Optimization of the new

trap design:

 reduction of harmonics of

order higher than 2

 increase of detection solid

angle
TRAP

Lens

Benali et al., EPJA56 (2020)

We can expect: capacity > 106 ions/bunch

ion lifetime > 1 s

Delahaye et al. EPJA55 (2019)

23Mg1+: the first candidate for MORA
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• … and cons

 Production rates & contamination

> 105 pps @ JYFL, measured in Oct 2018

with > 200 x more stable 23Na1+

 T1/2 ~ 11 s

 LPCTrap capacity: ~ 105 ions/bunch

ion lifetime: ~ 0.5 s

Solution

2) Optimization of the number

of detectors around the trap

4x4 "Phoswich" detectors

for b particles Plastic

scintillators

4 "RIDE" detectors

for recoil ions

µCP 50x50 + PSA
emiT-like setup Mumm et al. RSI75 (2004)

1) Dedicated new sextupole

downstream the gas cell

2) Use of MR-ToF-MS ?

𝐷 ∝
𝑁+ −𝑁−

𝑁+ +𝑁−

ʘ

Ԧ𝐽

b

Recoil

135°

(for ± Ԧ𝐽 and ≠ detector pairs) 

PMT ~ Ø 38

F

L

E

X

23Mg1+: the first candidate for MORA
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First measurement: the Polarization degree

Asymmetry in counting rates depends on the cloud polarization degree P

𝑁+ −𝑁−

𝑁+ +𝑁−
∝ 𝐷𝑃

P must be 1 measured 2 controlled during the experiment

 Ab measurement (CS Wu -like experiment)

Si1 Si2

Lens1 Lens2TRAP

8 channels: 4 sectors, 2 rings

Laser

Ԧ𝐽
b (~0°) b (~p)

Silicon detector

s+ polarization
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First measurement: the Polarization degree

Asymmetry in counting rates depends on the cloud polarization degree P

𝑁+ −𝑁−

𝑁+ +𝑁−
∝ 𝐷𝑃

P must be 1 measured 2 controlled during the experiment

 Ab measurement (CS Wu -like experiment)

Si1 Si2

Lens1 Lens2TRAP

8 channels: 4 sectors, 2 rings

Laser

Ԧ𝐽
b (~p) b (~0°)

Silicon detector

s- polarization

 ASM = −0.5584(17)

 Precise knowledge not needed for D

if P > 80%

Severijns et al. PRC78 (2008)
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MORA: status

 Injection line & main chamber

 built & in commissioning

 Detection

 phoswich: tests & simulations

 RIDE – Si: tests & simulations

 Slow control

 operational

Injection line

Main chamber

Injection line

Main chamber

Trap

Detectors

supportPhoswich

Inside the main chamber

MORA @ LPCC
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MORA: status

 Injection line & main chamber

 built & in commissioning

 Detection

 phoswich: tests & simulations

 RIDE – Si: tests & simulations

 Slow control

 operational

Injection line

Main chamber

Injection line

Main chamber

MORA @ LPCC

Schedule

 Setup fully tested @LPCC in summer 2021

 Installed @JYFL in fall 2021

 First measurements in 2021-2022: 

1. Ab for P determination

2. D with limited stat
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MORA: perspectives

Trapped
ions/cycle

Data taking
(days)

Num. of 
events (P)

sP

(%)
Num. of 

coinc. (D)
Sensitivity

on D

JYFL: P 2.0×104 8 1.7×105 1.9 1.5×106 1.0×10-3

JYFL: D 2.0×104 32 6.7×105 0.94 6.1×106 5.2×10-4

DESIR: D 1.0×106 24 2.5×107 0.15 2.3×108 8.5×10-5

DESIR: D 5.0×106 24 1.3×108 0.07 1.2×109 3.8×10-5

from

2021

from

2025

 best precision in nuclear beta decay (i.e. compared to 19Ne)

with optimal trapping





MORA is funded by

 best precision (i.e. compared to n) – constraint on DFSI (~1.1×10-4)?

(DESIR/SPIRAL1: I( 23Mg) > 108 pps)

Next candidate: 39Ca1+ ?     better sensitivity to NP (DFSI ~ -3×10-5)

 study required for production rate (LoI13_21) 

&
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SUMMARY

• High precision measurements in nuclear b decays

 Sensitive tool to test the Standard Model, complementary to high energy physics

 Information hidden in correlations

• Correlations between particles momenta and spin

• Correlations between particles momenta

 In pure transitions

- Search for exotic currents (S or T): 0.1% precision is needed

- WISArD (S, @ISOLDE) and b-STILED (T, @GANIL): promising projects

 In mirror transitions

- Determination of mixing ratio

- LPCTrap or MORA (@GANIL/DESIR): clean environment to be confirmed

 In mirror transitions

- Search for new sources of CP violation

- MORA (@JYFL & @GANIL/DESIR): promising project … 
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Thank you for your attention

G. Ban
R. Combe
F. Cresto
S. Daumas-Tschopp
X. Fléchard
M. Kanafani
E. Liénard
O. Naviliat-Cuncic
G. Quéméner

P. Delahaye
F. De Oliveira
C. Fougères
N. Goyal
N. Lecesne
A. Singh
J.C. Thomas

M. Kowalska

V. Araujo-Escalona
D. Atanasov
S. Geldhof
G. Neyens
N. Severijns
S. Vanlangendonck

A. Falkowski
A. Rodriguez-Sanchez

M.L. Bissel M. Gonzáles-Alonso

P. Ascher
B. Blank
A. De Roubin
M. Gerbaux
J. Giovinazzo
S. Grévy
T. Kurtukian-Nieto
M. Pomorski
M. Versteegen

D. Zákoucký

A. Méry

R.P. De Groote
T. Eronen
W. Gins
A. Jaries
A. Jokinen
A. Kankainen
A. Koszorus
I. Moore
M. Reponen
S. Rinta-Antila
V. Virtanen

B. Pons

S. Leblond
X. Mougeot
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