Towards measuring the Flerz interference parameter
in 6He r decay from a Penning trap using the CRES

technique
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Towards measuring the Flerz interference parameter
in 6He r decay from a Penning trap using the CRES
? technique
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# Introduction

¥— Testing the standard model via the precision frontier
% The Fierz interference parameter
® The CRES technique

*— Great idea, Project-8!

%— Cyclotron radiation emission spectroscopy offers unbelievable precision
# Current status and recent accomplishments

% Set up at CENPA/UW

¥— Source measurements with +0
# Looking forward: upgrading to a Penning trap

% Why? To avoid wall effects: 300 p 1 © p T

%— Cooler/buncher design
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The standard model and beyond
# This Is the standard model:
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The Erecision frontier

# Goal:
*— To complement high-energy experiments by pushing the precision frontier
*— Angular distributions off decay: values sensitive to

# Global gameplan:

Measure parameters of] -decay
Compare to SM predictions
Look for deviations ¥ new physics

Precision of 8 Pneededto
complement other searches (LHC)

FEEX

Naviliat-Cuncic and Gonzalez-Alonso, Ann Phys 525, 600 (2013)

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

Vos, Wilschut and Timmermans, RMP 87, 1483 (2015)

Gonzélez-Alonso, Naviliat-L. u n |andiSeverijns, Prog. Part. Nucl Phys 104, 165 (2019)
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The Erecision frontier

# Goal: 2 - . .
*— To complement high-energy experiment
*— Angular distributions off decay: values ]-LHC |
«g (oresent) — ‘-- -
¢ Global gameplan: :):O_ y ) 1
LHC
%*— Measure parameters_of_T -decay 1 que) | Betadecays/ |
%— Compare to SM predictions \ (present) /
% Look for deviations & new physics
% Precision of 8 Pneeded to '2_4 B L — 5 i
complement other searches (LHC) e (10°7)
S

Naviliat-Cuncic and Gonzalez-Alonso, Ann Phys 525, 600 (2013)

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

Vos, Wilschut and Timmermans, RMP 87, 1483 (2015)

Gonzélez-Alonso, Naviliat-L. u n |andiSeverijns, Prog. Part. Nucl Phys 104, 165 (2019)
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0.1% i s a tall order é

@ lon traps
¥— Can trap any ion; well-known for mass measurements
(CPT, I SOLTRAP, JYFLTRAP, LEBI T,

%— Beta-Decay Paul Trap @ ANL
@ -’ correlation of 8Li to 1%; poised to reach 0.1% precision
%— No other correlation experiments completed yet, but a number planned:
® TAMUTRAP @ Texas A&M (?°Mg, %4Si, 28S, 32Ar; 36Ca, 40Ti)
@ LPCTrap @ GANIL (°He)
@ EIBT @ Weizmann Institute © SARAF (°He to start)
@ NSLTrap @ Notre Dame (}C, 13N, 150, 17F)
® He CRES @ CENPA/UW

» Magneto-optical traps
*— Atoms are cold and confined to a small volume
¥- TRINAT @ TRIUMF (K isotopes)

*- SHe @ CENPA/UW

*%—- NeAT @ SARAF (Ne isotopes)
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°He at UW
®» Decayrateis: QU Q) [p

Ptp 5
—|

*— Most sensitive probe of new physics is the Fierz interference parameter

® SHe is a great case! . 0 0 oOee . (O O ¢
*— Large endpoint (3.5 MeV) w 5(p CO ) w 0
- 100% 11 © p | transition T correlation Fierz interference
#*— Nuclear structure under control D T
*%— Sensitive to tensor Fg 2 . L
teractions o , Fierz distortion
# Check signature by )
measuring **O and Ne /¢ spectrum

Ekin [keV] Ekin [keV]
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6He at UW 0 CRES technigue

® New Idea: use the Cyclotron Radiation Emission Spectroscopy (CRES)

. |&d Selected for a Viewpoint in Physics T
teChanue PRL 114, 162501 (2015) PHYSICAL REVIEW LETTERS 24 APRIL 2015
: : 3
* P rOJeCt 8 Collaboratlon gets Single-Electron Detection and Spectroscopy via Relativistic Cyclotron Radiation

D.M. Asner,' R.F. Br;lLlluy.2 L. de Viveiros.” P.J. Doe.* J. L. Fernandes,' M. Fertl,* E.C. Finn,' J. A. Fm'l1'1;‘1}_:git‘:,5

p ‘r[ reSOIUtion for D. Furse.” A.M. Jones,' J.N. _Kul'run.'J' B. H. L;lRUL|LIL‘.3 M. Leber.” E. L. McBride.* M. L. Miller.” P. I\/lnh;mmur‘Lh_\".S

B. Monreal,” N. S. Oblath.” R. G. H. Robertson,* L.J Rosenberg.* G. Rybka,* D. Rysewyk.” M. G. Stemberg.*
1. R. TL:LlL'SChi.l T. Thiill]]l]]l.:r.ﬁ B. A. VIII]DL:\"L:I]L'L:F.I and N. L. Woods*
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6He at UW 0 CRES technique
# Why CRES for °He?

% Measures energy at creation, before complicated energy-loss mechanisms
%— High resolution allows debugging of systematic uncertainties ) Fourer analysie
%— No background from photon or ‘Qscattering 1) Take a wave during 3.
%— %He in gaseous form works well A m/
with the technique 792
%— ®He ion trap allows sensitivity 760 \\ 31 07" s)//
higher than any other proposed — 789 ]
%— Counts needed not a big %wa
demand on running time §784 L 3 Plot oak
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’He at UW 0 CRES technique

# Why CRES for °He?

% Measures energy at creation, before complicated energy-loss mechanisms
*— High resolution allows debugging of systematic uncertainties
%— No background from photon or ‘Qscattering
%— SHe in gaseous form works well
with the technique
*— 6'._|e lon trap allows sensitivity = nergy l0ss Via
higher than any other proposed cyclotron radiation
¥

Counts needed not a big —— § Scatter off

demand on running time residual gas

¢ o r’1!0 ®

a O /

Initial frequency’ O
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