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see González-Alonso and Naviliat-Čunčić, arXiv:1607.08347!
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Goal must be . 0.1% to complement LHC

Naviliat-Čunčić and González-Alonso, Ann. Phys. 525, 600 (2013)

Cirigliano, González-Alonso and Graesser, JHEP 1302, 046 (2013)

Vos, Wilschut and Timmermans, RMP 87, 1483 (2015)
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perform a nuclear measurement

– often using atomic techniques –

to test high-energy theories
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1. Introduction

I think we all know why we want to test the SM. . .

One precision frontier: correlation parameters of β decay

2. Ion traps

LPC-Trap

Beta-Decay Paul Trap

TAMUTRAP

3. Neutral Atom Traps

CENPA/ANL

TRINAT

4. Elegant vs. brute-force tests

very short summary



The Beta-decay Paul Trap (BPT) @ ANL

Dan Melconian High Sensitivity Expts Beyond the SM
Aug 5, 2016

– 5

Ions confined with electric fields

(RF radially, DC axially)

Ions cooled with buffer gas

(∼ 10−5 Torr)
Up to 106 ions stored in trap

Large (∼ 30%) solid angle for

detectors

Currently DSSSD + scintilla-

tors; past used MCPs and

HPGes
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Nearly pure Gamow-Teller ⇔ sensitive to A, T

MeV charged particles ⇒ easier to measure

Large kinematic shifts on 1.5 MeV α’s (±400 keV)

3× enhancement using β − ν − α correlation
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Sternberg et al., PRL 115, 182501 (2015)

Mature program with aβν measured to 0.4% in 8Li

Similar stats for 8B collected

“0.1% within sight. . . ”
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N

Z

β+

0
+, T =2

γp

0
+, T =2

vector

scalar

Stable

T = 1

T = 2

44Cr
40Ti

28S

36Ca

24Si

20Mg

32Ar

β − ν correlations

model-dependence of δC calcs seem to depend on T . . .

new cases for Vud (?)

“Pure Fermi decay” ⇔
minimal nuclear

structure effects

Decay rate is simply given by:

peEe(A◦ − Ee)
2ξ
(

1 + aβν
~pe · ~pν
EeEν

+ bF
Γme

Ee

)
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Doppler shape of delayed proton

depends on ~pe · ~pν !
vector

scalar

p

32Ar

B = 3.5T

e+

detector
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will be the world’s most open-geometry Penning trap!

uniquely suited for studying β-delayed proton decays:

β − ν correlations, ft values/Vud

mass measurements, EC studies, laser spectroscopy, . . .

re-commissioned

K150 cyclotron

production

target

BigSol(?)

separator multi-RFQ

heavy-ion guide
gas-catcher

ANL-type

ortho-TOF

TAMUTRAP
to charge-breeder

and K500 cyclotron
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will be the world’s most open-geometry Penning trap!

uniquely suited for studying β-delayed proton decays:

β − ν correlations, ft values/Vud

mass measurements, EC studies, laser spectroscopy, . . .

re-commissioned

K150 cyclotron

ion

RIB from

cooler & buncher

HV cage
ASR magnet7T/210mm

source

K150/HI guide
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1. Introduction

I think we all know why we want to test the SM. . .

One precision frontier: correlation parameters of β decay

2. Ion Traps

LPC Trap

Beta-decay Paul Trap

TAMUTRAP

3. Neutral Atom Traps

CENPA/ANL

TRINAT

4. Elegant vs. brute-force tests

very short summary
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Almost as simple as 0+→ 0+:

5/2+

3/2+

3/2+

37
18Ar

1.225(7) s

β+37
19K

3/2+
0.022%

2.07(11)%

97.99(14)%
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Almost as simple as 0+→ 0+:

5/2+

3/2+

3/2+

37
18Ar

1.225(7) s

β+37
19K

3/2+
0.022%

2.07(11)%

97.99(14)%

isobaric analogue decay

strong branch to g.s.

polarization/alignment

mixed Fermi/Gamow-Teller

⇒ need ρ ≡ CAMGT/CV MF

to get predictions for correlation pa-

rameters

get ρ from the comparative half-life: ρ2 =
2Ft0

+→0+

Ft
− 1

QEC : ±0.003%

BR: ±0.14%



















Ft = 4562(28) ⇒

t1/2: ±0.57%

ρ = 0.5874(71)

The lifetime limited the Ft value

and hence precision of ρ

and hence the predictions

of the correlation parameters
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dW ∼ 1 + aβν
~pe·~pν
EeEν

+ bΓ
m

Ee
+

~I

I
·

[

Aβ

~pe
Ee

+Bν

~pν
Eν

+D
~pe×~pν
EeEν

]

Correlation Expectation

β − ν correlation: aβν = 0.6580(61)

Fierz interference parameter: bFierz = 0 (sensitive to scalars and tensors)

β asymmetry: Aβ = −0.5739(21)

ν asymmetry: Bν = −0.7791(58)

Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

...

a β−recoil observable Rslow ∼
1−aβν−2calign/3 − (Aβ−Bν)

1−aβν−2calign/3 + (Aβ−Bν)
= 0

specific to our geometry

Recall: measurements of these correlations to . 0.1%
complement collider experiments and test the SM



Angular distribution of a 3
2

+
→ 3

2

+
decay

Dan Melconian High Sensitivity Expts Beyond the SM
Aug 5, 2016

– 19

dW ∼ 1 + aβν
~pe·~pν
EeEν

+ bΓ
m

Ee
+

~I

I
·

[

Aβ

~pe
Ee

+Bν

~pν
Eν

+D
~pe×~pν
EeEν

]

Correlation Expectation

β − ν correlation: aβν = 0.6580(61) → 0.6668(18)

Fierz interference parameter: bFierz = 0 (sensitive to scalars and tensors)

β asymmetry: Aβ = −0.5739(21) → −0.5719(7)

ν asymmetry: Bν = −0.7791(58) → −0.7703(18)

Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

...

a β−recoil observable Rslow ∼
1−aβν−2calign/3 − (Aβ−Bν)

1−aβν−2calign/3 + (Aβ−Bν)
= 0

specific to our geometry

Recall: measurements of these correlations to . 0.1%
complement collider experiments and test the SM

(data in hand for improved branching ratios)
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Atomic methods have opened up a new vista in precision work
and provide the ability to push β decay measurements to . 0.1%

laser-cooling and trapping (magneto-optical traps)

sub-level state manipulation (optical pumping)

characterization/diagnostics (photoionization)
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Atomic methods have opened up a new vista in precision work
and provide the ability to push β decay measurements to . 0.1%

laser-cooling and trapping (magneto-optical traps)

Traps provide a backing-free, very cold (. 1 mK), localized

(∼ 1 mm3) source of isomerically-selective, short-lived

radioactive atoms

Detect ~pβ and ~precoil

⇒ deduce ~pν event-by-event!! ⇐
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TRINAT-lab.eps



The measurement chamber
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Shake-off e− detection

 know decay occured from trap

Better control of OP beams

 less heating, higher P

Bquad → BOP quickly: AC-MOT

 better duty cycle, higher polar-

ization

Increased β/recoil solid angles

 better statistics

Stronger E-field (one day. . . )

 better separation of charge

states, higher statistics

...
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Deduce P based on a model of the excited state populations

P1/2

mF

S1/2

0 2

σ±

−2= −1 1
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∆P [×10−4] ∆T [×10−4]
Source

σ− σ+ σ− σ+

Systematics

Initial alignment 3 3 10 8
Global fit vs. average 2 2 7 6
Uncertainty on sout3 1 2 11 5
Cloud temperature 2 0.5 3 2
Binning 1 1 4 3
Uncertainty in Bz 0.5 3 2 7
Initial polarization 0.1 0.1 0.4 0.4
Require I+ = I− 0.1 0.1 0.1 0.2

Total systematic 5 5 17 14

Statistics 7 6 21 17

Total uncertainty 9 8 27 22
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Thank you, Brexit!
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∆P [×10−4] ∆T [×10−4]
Source

σ− σ+ σ− σ+

Systematics

Initial alignment 3 3 10 8
Global fit vs. average 2 2 7 6
Uncertainty on sout3 1 2 11 5
Cloud temperature 2 0.5 3 2
Binning 1 1 4 3
Uncertainty in Bz 0.5 3 2 7
Initial polarization 0.1 0.1 0.4 0.4
Require I+ = I− 0.1 0.1 0.1 0.2

Total systematic 5 5 17 14

Statistics 7 6 21 17

Total uncertainty 9 8 27 22

⇒ 〈Pnucl〉 = 99.13(8)%

(c.f. neutrons: 99.7(1)% [PERKEOII], 99.3(3)% [UCNA])
and

〈Talign〉 = −0.9767(25)



Scintillator spectra — June 2014
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Just the raw data; a slight lower-energy cut to get rid of 511s
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Requiring a shake-off e− ⇒ decay occured from trap!
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Requiring a ∆E coincidence ⇒ remove γs
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Put in all the basic analysis cuts ⇒ clean spectrum!!



Energy Spectrum Compared to GEANT4
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A Test of Backscattering
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Although we’re not very sensitive to backscattering (relatively speaking). . .
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Aobs(Ee) =
1− S(Ee)

1 + S(Ee)
, where S(Ee) ≡

√

r−1 (Ee)r
+
2 (Ee)

r+1 (Ee)r
−
2 (Ee)
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Aobs(Ee) =
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1 + S(Ee)
, where S(Ee) ≡

√
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+
2 (Ee)

r+1 (Ee)r
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Aβ Error Budget
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Source Corr Uncert [×10−4]

Backgrounds 1.0013 7

Trap parameters position 4

velocity 5

temp, width 1

Thresholds/cuts ∆E pos 5

∆E energy agreement 2

∆E threshold 1

E threshold 0.3

G4 phys list 4

Shake-off e− TOF 3

E +∆E 1

E calibration 0.1

Total systematics 12

Statistical 13

Polarization 9

Total uncertainty 20
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B. Fenker is completing interpretation (just unblinded 1.5 weeks

ago!)
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B. Fenker is completing interpretation (just unblinded 1.5 weeks

ago!)

So I can’t show anything. . .

But here’s a hint of what to expect:

We will publish soon and present at DNP – hope to see you in

Vancouver!
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1. Introduction

I think we all know why we want to test the SM. . .

One precision frontier: correlation parameters of β decay

2. Ion Traps

LPC Trap

Beta-decay Paul Trap

TAMUTRAP

3. Neutral Atom Traps

CENPA/ANL

TRINAT

4. Elegant vs. brute-force tests

very short summary



Low-energy Work Complements the LHC
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Naviliat-Čunčić and González-Alonso, Ann. Phys. 525, 600 (2013)

|ǫ̃L| |ǫ̃R| |ǫ̃P | |ǫ̃S | |ǫ̃T |

Low energy 0.06 0.06 0.0003 0.14 0.030
LHC (CMS) − 0.002 0.006 0.006 0.001
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As we all know, SM is fantastic, but not our “ultimate” theory

Many exciting avenues to find more a complete model

One of the low-energy approaches: precision measurement of

correlation parameters

Ion traps + RIB = cool physics

Atom traps + RIB [+ opt. pumping] = cool physics

Fun (but demanding) stuff that complements the “brute force”

approach
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TAMU: S. Behling, E. Bennett, M.

Mehlman, B. Fenker, P. Shidling

+ TAMU/REU undergrads +

ENSICAEN interns

The ICISE and HSEBSM organizers

and for a wonderful workshop

and all the friendly Vietnamese people

TRINAT: J.A. Behr, A. Gorelov, L. Kurchananov,

K. Olchanski, K.P. Jackson, . . .

D. Ashery, I. Cohen M. Anholm, G. Gwinner
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TAMU: S. Behling, E. Bennett, M.

Mehlman, B. Fenker, P. Shidling

+ TAMU/REU undergrads +

ENSICAEN interns

The ICISE and HSEBSM organizers

and for a wonderful workshop

and all the friendly Vietnamese people

TRINAT: J.A. Behr, A. Gorelov, L. Kurchananov,

K. Olchanski, K.P. Jackson, . . .

D. Ashery, I. Cohen M. Anholm, G. Gwinner

Funding/Support: DE-FG02-93ER40773, ECA ER41747

TAMU/Cyclotron Institute

And thank you for your

attention!
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