p decay as a probe of new physics: an overview of

the fundamental symmetries research at the CI
Dan Melconian
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About me

# First and foremost: I'm half
Croatian, half Armenian...

S _ Did you know: “lan” [or “yan”] means
to any Brasilians: mwhahahahaha!! “son of’? So Melcon Melconian is like

Donald McDonald. Until my grandfather
changed our name, we were Agopian
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About me

# First and foremost: I'm half
Croatian, half Armenian... and

100% CANADIAN!!

g | recently became
i a dual citizen...
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Compared with 2020 presidential vote in places
UNIVERSITY
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https://youtu.be/WMxGVfk09lU

About me

# First and foremo
Croatian, half Ari
100% CANADIA

# | was born south
Windsor, Ontaric

‘ p- 0

»
W Las”.
’,’“"4

# Moved to St. Cathariéé in
grade 7; got sick of the Falls

® Saw my uncles get paid to live
in Spain and England...that
looked like the life for me!
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Outline

# Introduction/motivation

*— Testing the standard model via the precision frontier using nuclear f decay
» He-LIG + LSTAR

%— RIB production and purification of proton-rich nuclei
» TAMUTRAP and WISArD

%— T = 2 decays to test the SM via kinematic shift of f-delayed protons
® Other Cl efforts

*— Lifetimes and branching ratios for improving V,q4; fission-fragment y vields
® ‘He-CRES

%— Cyclotron radiation emission spectroscopy on °He, 1°Ne and 1O at CENPA
® TRINAT

*— Asymmetry measurements of highly-polarized, laser-cooled atoms

# Outlook for the next 3 years
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The standard model and beyond

# ThIS IS the standard model

Hg = py,n(Cyey*v + Cyeytysv)

P _ _ ,
\‘\//d — pYuVsn(Cay"ysv + Cpeytv)
\\VVQ e CV — C[,/ — 1

® These are not: M, = 80.385 GeV
Right-handed bosons, or scalar/tensor leptoquarks, or SUSY, or...
,\ - 7 -~

e VVos, Wilschut, Timmermans, Rev. Mod.
Phys. 87, 1483 (2015)
1 e Bhattacharya et al., Phys. Rev. D 94,

Cs,Cr £ 0 054508 (2016)

d
Z\\/g e Profumo, Ramsey-Musolf, Tulin, Phys.
‘-’\ v Rev. D 75, 075017 (2007)
\Q
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The precision frontier

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

# Global gameplan:

% Measure the f-decay parameters Pv
¥ Compare to SM predictions

% Look for deviations < new physics

% Precision of < 0.1% needed to complement other searches (LHC) ﬁrecoil

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-Cungéi¢ and Severijns, Prog. Part. Nucl Phys 104, 165 (2019)
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.
¥— Can trap any ion; well-known for mass measurements @
@ (-v correlation of 8Li to 0.7%; poised to reach 0.1% precision (expt)
@ LPCTrap @ GANIL (°He)

0.1% is a tall order...how to reach that precision?
(CPT, ISOLTRAP, JYFLTRAP, LEBIT, TITAN,...)
%— No other correlation experiments completed yet, but a number planned: \g/'?j
@ EIBT @ Weizmann Institute - SARAF (°He to start)

# lon traps 1 \ B
%— Beta-Decay Paul Trap @ ANL
® TAMUTRAP @ Texas A&M (?°Mg, %4Si, 28S, 32Ar; 36Ca, 40Ti)
@ NSLTrap @ Notre Dame (}C, 13N, 150, 17F)

» Magneto-optical traps

%— Atoms are cold and confined to a small volume
¥- TRINAT @ TRIUMF (K isotopes)

¥ SHe @ UW

*%—- NeAT @ SARAF (Ne isotopes)
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How does p decay test the SM?

# Begin by looking at the basic decay rate

basic decay rate
W G|Vaal®
dFE. (2m)°

=~

peEe(Ao T Ee)2

Intensity [arb units]

| | | 1

Kinetic energy of f
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p decay and fundamental physics

® Expand to the often-quoted angular distribution of the decay
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic dssay rate B—v correlation  Fierz term
BW G2|V,al? ) . Tm
— N eEe Ao — Ee 1 v - - b -
T, (anyp Pl A R o

IOy +ICyR — |Csl? — [y

agy = / ; 177
GV +HICY I+ 1Cs? + O )2

(\sc;alir’/’ vector
0\ D g
_ —|Cs|?2—|C%)? |Gy P+H|C 2
gy = |CS|2‘|‘|C:9|2 By = Cv 2+ C{/ 2
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p decay and fundamental physics

® Expand to the often-quoted angular distribution of the decay
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic dsgay rate B—v correlation  Fierz term
W G2|V,a? X . Tm
— = eEe Ao — Ee 1 v - - b :
IEdd, —  (@np Pl Felltan g+ g
_OvP+ICy P =10 = ICs]* L,
ag, = 5 5 5 Ty = 177
[Cv[? +|Cy |2 + |Cs|* + | O]
The f-v correlation parameter is quadratic in the couplings...not
as sensitive as the Fierz parameter, which is linear:
; —2Re(C5Cv + C4CY) oy

OV +|CL P+ 1Cs 2+ |2

(see Gonzalez-Alonso, Naviliat-Cung&i¢ and Severijns, Prog. Part. Nucl Phys 104, 165 (2019)
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p decay and fundamental physics

® Expand to the often-quoted angular distribution of the decay
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term

T'—violating

D, -%)(ﬁy-%))] [I(I+1 — 3(M?

~
alignment term

(see Gonzéalez-Alonso and Naviliat-Cunéié, PRC 94, 0.35503 (2016))
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Outline

B
*—
® He-LIG + LSTAR
%— RIB production and purification of proton-rich nuclei
#
*—
B

@

*—
%
B

*—

®
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lan for TAMUTRAP: BigSol + gas catcher

# Heavy beam on light target, cleaned up by BigSol before being collected
In an ANL-type gas catcher

®» Abandoned in 2018 due to delays, BigSol issues, the K150 working better
with low-mass beams, ...

P KA production BigSol(?)
7&" ’ * target separator ANL-type
gas-catcher

multi-RFQ
heavy-ion guide

re-commissioned
K"‘l,so:f:j;_yclﬁ?'tmﬁ
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He-LIG + LSTAR

ECR ION

® 2018: pursue light-ion &% =/ [ Ll ooorgiomeon
. . . ECR ION 2Rt g | S AT
guide technique using - - 2
3He tO drlve fUSIOn' m: E:EAMANALYSIS LIGHT

1994 2011

.\

evapouratlon reactions

>3 . S%Q%gE B\ 3
® COmplementS eXIStlng 585&%2 : ??

K150 RADRTION
EFFECTY
FACI\TY

2018

P-LIG system
%— RIB extracted in
opposite direction

%— Need to share Cave 5
# Highly-efficient

separator required

so the RFQ cooler/

buncher doesn't get

overloaded
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RIB Eroduction: ngG and soon l-le-LlG

#» Cave 5 at the Cyclotron Institute:

%— Shielding blocks separating
(old) HIG area from p-LIG

%— Gabi Tabacaru leading p-LIG effort;
which extracts beam to the right

“ primary
K150 beam

#4000 9NIaNs
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RIB Eroduction: ELIG and soon l-le-LlG

®» Cave 5 at the Cyclotron Institute:

% Shielding blocks separating H primary
(old) HIG area from p-LIG HKlSO beam

% Gabi Tabacaru leading p-LIG effort, « S / Tl G

which extracts beam to the right e
Beam :
RIB MEGEN |-

685  |—

114Cd 1141 19+

PREE

114Cd 112|n21+ / 28 975
106Cd 106|n20+ 410
106Cd lOSCd 20+ 24 620
QOZr 90Nb17+ 300
0Zr ST \/ 22 200
64Zn 64Gal4* 14 210

#4000 9NIaNs
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RIB production: p-LIG and soon He-LIG

# Cave 5 at the Cyclotron Institute:
%— Shielding blocks separating il
(old) HIG area from p-LIG

% Gabi Tabacaru leading p-LIG  ~
effort, which extracts beam to the
right

® Praveen Shidling designed a
new chamber for both proton and

SHe LIG production e

*— Inspired by IGISOL. Easy access, 2=
alignment precise, accommodates _
p and 3He gas cells & extraction
optics

%— NorCal delayed >1 year now...

m primary
K150 bheam

Kt | TEXAS ASM
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He-LIG: Expanding the CI’s RIB cagabllltles

# Typical gas cell, we didn't reinvent the wheel

® Tested production of 2°Sj in Feb, Aug &
Dec 2019, and Mar 2020

*— ~0.1% efficiency; rf didn’t seem to help
¥ 1% isin Slghtl Si detector

40

35
4.25 MeV(25%)

30

t'"’a
“;@ll e

25 u-i” 1 ,le -l

B activity
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(7.7%) 5.624 MeV(6.9%)
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15
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5

ob—— [ i AMMIH plt | TRt im0 | | ‘
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Channel Number

’h
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LSTAR: Eurifx and transport up to TAMUTRAP

# In collaboration with Notre Dame (Berg, Couder, Brodeur), design based
on 2 X 60° separator at CARIBU. Ready to submit bids last year...

Horizontal View

L
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Concrete

shielding
g
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LSTAR: Eurifx and transport up to TAMUTRAP

# |n collaboration with Notre Dame (
on 2 X 60° separator at CARIBU.

L

et 1.30'm "

118 m
(nominal)

D. Melconian

Image/focal plane

Roof plank

CAVE 5
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After a few dark days, a bright light turned on

J |

# We can remove the shielding EEC g T,
blocks = a lot more real estate — e
. . . - F : Il ::_z:/ il
# New design is significantly l—’ ST
better — o P2 E$> 1

%¥— 2 X 62.5° — nearly 40% more than
original 2 x 45°

%— Entirely horizontal — better
alignment, easier

*— Has enough room we can place
the RFQ in Cave 5!

@ Significantly higher efficiency versus
transporting 65-keV RIB

@ Hole in roof plank significantly smaller
@ Both HV platforms now in Cave 5

Kt | TEXAS ASM

D. Melconian UTK seminar | Feb 13 2023



After a few dark days, a bright light turned on

® We can remove the shielding | oriontal __K;
blocks = a |lot more real estate — ——

# New design is significantly

)

———

\[\‘WAI

\
|

\

Ip

Vertical
better - - O < ST L
roots 2 (P ~ T e
# Detailed MC studies using = B——
99.3% RIB acceptance 75.1% RIB acceptance
Slm I ON_ C alcu I ate d rays | (I).qoz Icclmlténllirllein‘lusl (‘,Mf‘{/f‘f:ﬁ/,s(?o“)) llllllll 0‘07.% contan‘linants (IAM/M=1/|3000) | |
good contam (E=2€°) good contam
. (x) 0.707 —2.626 {z): 1.572 -1.762
* nomlna”y >95% acceptance o o; 0637 0624 o; 1102 1174
with zero contaminants E
% >75% acceptance, even 5 v
if systematics are under- : /
estimated (e.g. 2 X SImION | A o . }
emittance, 50% more g o
energy Spread, iO-S_mm - T };;rsition _azt exit ?ocal plgne [mnA{] _i positi_ozn at egit focal2 plane frmm] °

----- o [4] 05 1 metres

and £20-mdeg misaligns, ...
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RIBs desired for TAMUTRAP

# 15t beams to come from He-LIG/LSTAR: 28 O
Production Estimated 104177
Target Product * " 5;¢ rate in trap sesich
20\ . 2023, 33EAr -
20N e g 4 x 10 8 —-23 ?3.295
Mg | 3x105 | 550-1600 24256,
2apg | St | 3% 108 6—17 o TMe |
®SI | 2x10% | 290-860 7| | SR
28G; *°S 3 %103 5-16 . W Stable
®S | 8x10* | 175-520 H-5 7=
2g | AT | 0.9x10° 1-5 . T3
SAr 109 x10° | 160 — 460 N O7=2
sepr | 2Ca | 0.2x 103 | 0.4-1
7Ca | 02x105 | 40-115

® Future: general decay station; charge-breed with EBIT and inject in K500

D. Melconian UTK seminar | Feb 13 2023 10



Rough timeline

® He-LIG

% Rebuild gas cell; redesign SPIG transport; test production (2023)
% Develop pepper-pot emittance station, characterize beam out of SPIGs (2024)

® LSTAR

%— Submit bids soon Y

*— 2024 shutdown start to prepare the area for the separator? N e’
(remove shielding blocks, power, water, ...) —

*— Hoping delivery will be in 2—3 years, but this is completely ,.A“
unknown

® He-LIG + LSTAR

% RIB to TAMUTRAP and first measurements ~1 year after LSTAR installed

% Develop visions for expansion in future (dedicated decay station; charge-breeder
and injection in K500)

D. Melconian UTK seminar | Feb 13 2023 11



Outline

#
*—

B
*—

» TAMUTRAP and WISArD
%— T = 2 decays to test the SM via kinematic shift of f-delayed protons

D. Melconian UTK seminar | Feb 13 2023



T =2,3/2 pure Fermi and Gamow-Teller decaxs

5+ 3 > u
Odd cases: J" == ,T == i
2 2 44,45 -,
O
0,417
e _ Ti
Even cases: J* =07, T = 2 3637¢]
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T = 2, 3/2 pure Fermi and Gamow-Teller decays

Pure Fermi decay = minimal nuclear structure
effects; decay rate is simply given by

Do - P I'm
peEe(AO o Ee)zf (1 + agy g E - + bF Eee)

vector

‘\../ ‘ 20,21
@ ]+}T T .
\ A
&, /.,
J5 T, Ty odd4: jm=2",1 =2
EvenA4: J* =0T =2

Doppler shape of proton e ey
- - 3.340 3.345 3.350 3.355 3.360 3.365 3.370
energy depends on p; - p,,!

Proton energy [MeV]

D. Melconian
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Measure means instead of 2" moments

340 3.345 3.350 3.355 3.360
Proton energy [MeV]

3.365
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WISArD: same idea, but simpler (faster)

® After hosting three interns from ENISCAEN, the Weak Interaction Studies
of 32Ar Decay (WISArD) was formed

® Quick test run using the WITCH magnet,
clearly see kinematic shift

Si2U

‘| Scintillator

Upper detector Lower detector d
(C) singles (x0.5) ( )
coincidences A

singles (x0.5)
coincidences

400

D0 0 40 50 80
Proton energy (keV) Proton energy (keV)

= dgy = 1.007(32)(25) (4% precision) Si1D Si2D
,
# Joined complementary effort, =  *{BENBG

ECOLE NATIONALE SUPERIEURE D'INGENIEURS DE CAEN |
& CENTRE DE RECHERCHE

PhD thesis for Morgan Nasser ' -- ENSICAEN &o¢ \’)/

l
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Simglerz but still not easz!

® Upgraded Si detectors, thinner catcher folil, ...
® TAMU: PENELOPE vs G4: R-matrix and interferences |

» Beamtime approved for this summer {
— PhD data for Morgan Nasser

D.E. - 0.50keV bins - 10keV FWHM - 10.00M Decays - af, g, = 0.999 agr, gy = -1/3

||-h s l
0 Same
10 M

3260 3280 3300 3320 3340 3360 3380
Energy [keV]
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Mass measurement of stable ions

electrode

Injection Section Extraction Section

TOF ICR, 200 ms
excitation time

End Cap
electrode

End Cap electrode

End Ring End
electrode €lectrode electrode

ol

Time-of-flight [us]

® Find resoant requen'cies for
23Na, 8>87Rb, 133Cs and 3°K (ref).

Precisions obtained (2020):

@ 23Na: 400 ppb o -f — fe [HZ]
@ ®Rb: 500 ppb All agree with AME
@ 8Rb: 500 ppb P.Shidling et al., Hyperfine Interact. 240, 40 (2019)

® 133Cs: 800 ppb P.Shidling et al., Int. J. Mass Spectr. 468, 116636 (2021)
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Mass measurement of stable ions

electrode

Injection Section Extraction Section

TOF ICR, 200 ms
excitation time

P —
.eletrzzgde e%;it‘iide elefg;i i m% A A
/ g 2 Ramsey excitation
= £ B e e e A 1
! e e =
i = e I L : :
e Find resonant frequencies for s -
23Na, 8587Rb, 133Cs and 39K (ref). | § [ 1hes+
Precisions obtained (2020): S AT A U | St
® 23Na: 400 ppb 10 ™ £.-2766329.42° [Hz] 1o
® Rb: 500 ppb All agree with AME
® °’Rb: 500 ppb P.Shidling et al., Hyperfine Interact. 240, 40 (2019)

® 133Cs: 800 ppb P.Shidling et al., Int. J. Mass Spectr. 468, 116636 (2021)
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Outline

B
*—

® Other Cl efforts
*— Lifetimes and branching ratios for improving V,q4; fission-fragment y vields

B
%
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Improving the ft value at the Cvyclotron Institute
® Fast-tape transport system and Hardy’'s HPGe detector still being used!

K500 SUPERCONDUCTING CYCLOTRON FACILITY

- CYCLOTRON INSTITUTE T
= TEXAS A&M UNIVERSITY A M

K500 CYCLOTRON
< 1987

~

ECRION
SOURCE

1989, 1996 R ? ﬂff
-

TAMUTRAP

Pb shielding
MARS

beamline

MARS RECOIL A
SPECTROMETER ‘

K150 RADIATION
EFFECTS
FACILITY

2015

aluminum
K150 (88") CYCLOTRON
degra ders & 1967, 2008
NIMROD
aies e
o Q.! 2019
3 EECTISIONSSSCI?IY& { —— MDM SPECTROMETER STARLITE
([N} 1993,2000 2012
TIARA HYPERION
2016 2015

BC404

scintillator

alumlnlzed
Mylar tape

plastic
scintillator
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Improving the ft value at the Cvyclotron Institute
® Fast-tape transport system and Hardy’'s HPGe detector still being used!

20D\ 10 A4 K500 SUPERCON : ! !
o 7(°P); *°C? **Ti? PR IR A Ozmetin et al, in preparation (PRC)
- TEXAS -
5 n
10 -
Pb shieldi ] 1184 1611
MARS e 10" 1 0.11-0.024%
. 70% HPGe ' l st
beamline 10" - Zel;g esc
T —— 10° 4 Aft: 71— 4s
aluminum & 10" -
degraders ¢ '
"n' 2000 A A | -
i ] '
| PREcFlingnvECAY . . 1 500 5 —_— =
= . g i
7 \\ . g 1000 - =l :
aluminized plastic * 500 A L L
Mylar tape BC_4O4 scintillator T\ -
scintillator o o | . et B R O e N —
0 1000 2000 3000 4000 10° 10 10° 10°
E [keV ]
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[ J [ J
'd f f. f ts R.G.Helmer, INEEL Gamma-Ray Spectrum Catalogue
-ra 'e S o 'ss'on ra men age 57 Ge and Si Detector Spectra. (41" ed., 1999)

108 312 MAg(7.4 day)
4 1 55 cm? coatal Ge(Li)
i Slravu) 7 prop Best available
e | p before the 2022 —_
10
Cl measurement =
b
i :
g . M%
LI- AlM i X
:
Argonne &
NATIONAL LABORATORY s
103 R » S
T Absolute | 2

™, 06 [ efﬁCiency = 8 e 0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
E O 1 02 i Channel Number

Eg 0.4

1014
| @ g%y
.I .‘ »
: u: 0 -‘ﬂ
% ' e ]-iOZ% 107 4 National Nuclear Security Administration
-1 [ --] I I I | | | I I I 1 | I I I | | |
' 0 100 200 300 400 500 600 700 800 900

Energy (keV)

1001
200
300
400
500
800

1000

2000
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Outline

@
*—

® ‘He-CRES
% Cyclotron radiation emission spectroscopy on °He, 1°Ne and 4O at CENPA
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He, °Ne ('*0) at UW - CRES technique

# Cyclotron Radiation Emission Spectroscopy (CRES) represents a
guantum leap in charged-particle spectroscopy

® Innovation: cover wide band of energies for MeV-scale s (°*He, 1°Ne, 140)

|34 Selected for a Viewpoint in Physics week endine
PRL 114, 162501 (2015) PHYSICAL REVIEW LETTERS 24 APRIL 2015

B4

Single-Electron Detection and Spectroscopy via Relativistic Cyclotron Radiation

D. M. Asncr.l R.F Brudluv.3 L. de Vi\'L:iI’L’)S.j P.J. Dor\:.4 J. L. FL:I’]I;'II]dL:H.l M. Fertl,” E. C. Finn.' I. A. F(wrm;lggiu.s
A M D. Furse,” A. M Jones,' J.N. l\ulmn B. H. LIRUL|LIL, * M. Leber,? E L. McBride,* M. L. Miller,” P. I'\/[ohumnunhy.5
B. Monreal,” N. S. Oblath,” R. G. H. Robertson,” L.J Rosenberg, * G. Rybka,* D. Rysewyk,” M. G. Stemberg,”
. L . J.R. Tedeschi,' T. Thiimmler,” B. A. V: mDuquur.1 and N. L. Woods"
Pacific (Project 8 Collaboration)
Diortes
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He, °Ne ('*0) at UW - CRES technique

# Cyclotron Radiation Emission Spectroscopy (CRES) represents a
guantum leap in charged-particle spectroscopy

® Innovation: cover wide band of energies for MeV-scale s (°*He, 1°Ne, 140)
® Goal: Ab < 1073, better than the LHC can limit scalar/tensor interactions

140 Ab < 10

P“Ne Ab < 103
) 0.004 f ' ‘ 1 iy ‘ ~
D. M. A;ncr.l R.F. Bradley,” L. de \
D. Furse,” 1\.M_. Jones,' J.N. _l\'ul‘mn.‘
B. Monreal,” N. S. Oblath,” R. G.1
1.R. Tedeschi,
Pacif 0.002 +
1.0
0.75T 1.73 eV ' LHC
10T 1 :
= 0,000 B —
1257 - FWHM! 3
1.75T He Ab < 107
©
%06 207 - |
5 2.25T
>
2 25T =0.002}
C 0.4 2.75T
3.25T
0.2 I |J'
Jud
R - S -0.004 } ) . ] ) ,
0.0 10 15 50 55 30 35 40 45 50 17.7 17.8 17.9 -0.004 -0.002 0.000 0.002 0.004
y= E Energy (keV) Js€s
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6He at UW - CRES techni

0L
Identify event start frequencies vy
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SHe at UW - CRES technique

Identify event start frequencies.

® First CRES signals from nuclear § decay observe!” -

D. Melconian

“ et reconsdruction
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Upgrade of CRES: radial confinement using a tra
® Expected I|m|t|ng faCtOr Wa” eﬁ:ects Largest and smallest electron orbits at 2 T
# Solution: Decay cell - Penning trap!

% total motion

/ \ axial motion

May hit the wall *, Y
dependingon YV /
the energy

projection of the radial motion:
modified cyclotron

<> magnetron

Cave 2 6He %
Room 153 farge

24" /
Chamber
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Upgrade of CRES: radial confinement using a tra
® Expected limiting factor: wall effects

# Solution: Decay cell - Penning trap!

*— It should work...if we can get 10 ions/s
through the RFQ

lon beam
— Maximum ion Radius

Largest and smallest electron orbits at 2 T

Danger Zonea
10 =
. 400 =
Total Loss Over Waveguide
0.341 —— Proposed lon Trap Guide
Current Apparatus spacer £ 300 -
0.321 electrode g
) 0
D030 N /N~ 200 4 65%
2 !
o
—0.281 20z
¢ electrode 100 A
0.6625% 0
026 ol 0.0125%
18 19 20 21 2 23 24 °1 ; 7 T =
Frequency(GHz)

Maximum Radial Position
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Uggrade of CRES: radial confinement using a trap

® Expected limiting factor: wall effects

# Solution: Decay cell - Penning trap!

*— It should work...if we can get 10 ions/s
through the RFQ

Largest and smallest electron orbits at 2 T

None hit
the wall

— lon beam
R direction
10° 3
10° 3
_ I .
Total Loss Over Waveguide > :
0.34 - . (O 10’ 3
—— Proposed lon Trap Guide o -
Current Apparatus spacer = <
0327 electrode E 103 y -
ET3\0.30 — :
2 .
9 B o ®He, 1y, = 806.72 ms
0.28 1 20z 10 3 _
¢ electrode — 19Ne, thp=1722s
] .14 s
0.26 | A e o O.t1p =70.621s
18 19 20 21 22 23 24 10° 10’ 10° 10°
Frequency(GHz) Counts

D. Melconian UTK seminar | Feb 13 2023 Kt | TEXAS ASM



Uggrade of CRES: radial confinement using a trap

® Expected limiting factor: wall effects

# Solution: Decay cell - Penning trap!

*— It should work...if we can get 10° ions/s
through the RFQ

# Bids for RFQ almost ready to go out

% Borrow from TAMUTRAP (chamber, gas-handling, power supplies, pumps) for
tests with Li* in H, buffer gas, Fall 2023

# Penning trap is designed; save (relatively simple) construction once
high-capacity RFQ is demonstrated

®» Working with G. Savard and P. Mueller (ANL), plan to submit a proposal
for upgrade this fall

*— lonizer, Wien filter, RFQ, Penning trap and associated beamlines/power supplies
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Outline

® TRINAT
*— Asymmetry measurements of highly-polarized, laser-cooled atoms

®
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Detection chamber

w.ﬂ‘!

s

# Angular correlations’ [
of K and Rb isotopes 2
uw""'ou

# 2018 result; Aﬁ of 37K to 0.3% w‘r.'

. TIC target| | 70 pA
® 2023 result: bgjer, Of 3’K to +0.09 1750°C | | protons
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Isobaric analogue decaz of 37K

# Beautiful nucleus to test the standard model:

*— Alkali atom = “easy” to trap with a MOT and polarize with optical pumping
*— Isobaric analogue decay

: : 1.236559! S 352+
= theoretically clean; recoil-order -
corrections under control Qrc = 6.14746(23) MeV K BT
% Lifetime, Q-value and branches AR 5 g
(i.e. the Ft value) well known TS5 \ /.96
N ole -
¥— Strong branch to the g.s. & 6.35
5/27 2796 keV e L 207(11)% 3.79
# But there are challenges... v 6.88
9

*%— Can't calculate C,;M .+ to high precision 0 7.1
_ ¥ o 7.89

= need to measure p = C4Mgr/Cy Mg

*— Nuclear spin 3/2 = need to polarize

the atoms, and especially know how Yoy vy vy vy  97.89(11)% 3.66

polarized they are (also alignment) 3STAr
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The Ft is measured well enough (for now)

AW = dw, ﬁﬁ Dy, Im, (1 ) ( Ag L B B, & n DPﬁ X ﬁv) + alignment
“EE, ' E T Ez  VE, EgE, term

3 — v correlation ag, = 0.6648(18)

Flerz interference b =0 (sensitive to scalars & tensors)

f asymmetry Ag = —0.5706(7)

v asymmetry B, = —0.7702(18)

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

SM predictions currently limited by the >20-yr-old
97.89(11)% ground state branching ratio
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Improving the ft value at the Cvyclotron Institute
® Fast-tape transport system and Hardy’'s HPGe detector still being used!

K500 SUPERCON . . .
g9 crowo] 10° m A.Ozmetin et al, in preparation (PRC)
“’j (\\ ABR:
Pb shieldi ] 1184 1611
MARS T 00 PG 0" 2 | 0.11-0.024%
beamline 0% © 10° IZerslg o
T —— 10° 4 Aft: 71— 4s
aluminum & 10" -
degraders ¢ '
"n' 2000 A ' A | -
2 |
| PREcFlingnvECAY . . 1 500 5 —_— =
—— — G 1 A e e
/ \\ N g 10w - -] 3
aluminized plastic 5 500 - L - i
Mylar tape BC_4O4 scintillator T\ S A
scintillator o Q |- i S I L —
0 1000 2000 3000 4000 10° 10 10° 10°
E [keV ]
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he Ft is measured well enough

v S Fm i’ - - - X - _ ]
Jpe v Tme () Aﬁp_ﬁ+BVQ+Dpﬁ Pv) _ alignment
E,BEV E,B I E'g Ev E,BEV ferm

Correlation SM expectation

3 — v correlation ag, = 0.6648(18) — 0.6668(11)

Flerz interference b =0 (sensitive to scalars & tensors)

f asymmetry Ag = —0.5706(7) — —0.5708(4)

v asymmetry B, =-0.7702(18) —» —0.7707(11)
Time-violating correlation D =0 (sensitive to imaginary couplings)

> A precision measurement of Ag will not be limited by
uncertainties in the SM predictions
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Outline of TRINAT’s g asym & polarization measurements

# MOTs provide a source
that Is:

¥ Cold (~ 1 mK) ' ‘ L

% Localized (~ 1 mm3) : =< — §

*— In an open, backing-free L

geometry
# Allows us to detect ‘ -\ )

ﬁﬁ and ﬁrec = . \ '

= deduce p,, Y

event-by-event —3 4
anti- '

Helmholtz
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Outline of TRINAT’s g asym & polarization measurements
# Optical pumping:

Polarized light transfers
angular momentum to the atom

Nuclear and atomic
spins are coupled

Polarize as (cold) atoms
expand

an T

— /// £

o S
oot L L]

mrp =—
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Outline of TRINAT’s # asym & polarization

Yi/771 V17774

355 nm
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Ogtical pumping is fast and efficient

# NO time to go into details, but basically
%— Measure the rate of photions (< fluorescence) as a function of time
%— Model sublevel populations using the optical Bloch equations
*— Determine the average nuclear polarization: (|Pyyctl) = 0.9913(9)

10 fr————
Py / // // 3 g f bolarized i
/ // // ~ times |
56 o N
5 %%Mﬂ | ‘lmmnﬂuu }
*7,]_-_ ; 4 300 350 400 450 500 —
S1/2 2
Rt L T —
=T+ J . L et
B.Fenker et al, New J. Phys. 18, 073028 (2016) (R uRpwss i

D. Melconian UTK seminar | Feb 132023 An | EAAS4FN0



The B asymmetry measurement

Eg detectors:

Plastic scintillator

AE; detectors:
Double-sided Si-strip

V" pelarizaticln

Use all iInformation via § REXIS
the super-ratio: .
1-S(Eg) .{‘ ' ’- -LE /

Aobs(Ee) — 1+5(E,) - '

. rT(Ee) Tl(Ee)
with S(E,) = m

UUUUUUUUUUU
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37K B asxmmett_y measurement

® Energy spectrum — great agreement with GEANT4 simulations:

_ ‘>‘~i i A { Data i
400 ED,E p Mk b ...!?; CRia
o : )~ et LS TR TEL1) Tt ] —— GEANTA4
ci9 g
0 300 - qu i 8 { :|:| i 0 i.lhlf L
= % S B NO baCkgrO y
5 2004 T gl SUbtra e nd ; I
8 i ' tract:on: :
100 | ¥ ! ¥2/229 = 104 -
i CL = 31% |
5 3 ——— ]+
| o 41—k i _|,J._L..,|..|l|...l.| | L.JI\|,i,|ul_u|iil_H.ILLH.uh ol
o |® AR L e 119 h 4 [ RS PR |
- -3 — — — — ———
(ﬁ | | | |
go 0 1 2 3 4 S

Scintillator energy [MeV]
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37K B asxmmett_y measurement

® Energy spectrum — great agreement with GEANT4 simulations:
% Backscattering too!

0.06 f—— b
g 005 A 3 ¢ Upper telescope ]
o ] ¢ Lower telescope :
88 004 — GEANT4 simulation F
T o : :
O g 0.03 - N
ﬁ £ ] [
E 0.02 :

0.01 - :—

8 20 : —_— t 4+ ——t
=R 10 ] mean=(+2.6+13)% 3 1 % I T i
8 8 0 ] ¢ Xi E § T I
o O | RS § I J_

O 4
AaE —10 L S —
O 0 1000 2000 3000 4000 5000

Scintillator energy [keV]
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37K B asxmmett_y measurement

# Asymmetry as a function of § energy after unblinding
(again, no background subtraction!):

—0.45 - ¢ Data ]
' { bl GEANT4 |

|
O
n
o
|

B super-ratio
asymmetry
|
et
4)
&)
1

|
o
(o)
o
I

~0.00 -
~0.05 -
~0.10

data — G4

0 1 2 3 4 S
Total B kinetic energy [MeV]
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gDominantl Error budget and Ap result

Systematics
Background 1.0014 8x 1074
[ scattering 1.0230 7x 107%
Trap position 4x 104
Trap movement 5x 10~*
AE position cut 4x 10™%
Shake-off e~ TOF region 3x 107*
TOTAL SYSTEMATICS 13x 107*
STATISTICS 13x 10~%
POLARIZATION 5x 107*
TOTAL UNCERTAINTY 19% 10~4

[Arﬁneas = —0.5707(19) cf AEM = —0.5706(7) conections, a1, Ny
B.Fenker et al, PRL 120, 062502 (2018)

(includes recoil-order ]
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lntergretation and future prospects

# Comparison of V4 from:

¥ Mirror nuclei (including 37K)
%— The neutron
%— Pure Fermi decays

D. Melconian

Ivudlmfn"ﬂr B
0.978- Vg0 20+
21Na _

0.976- T 35Ar 37K
o
3 L
= 0.9741 1

I 1 e

0.9721n 1Ne wp | -

0.970- i
0 10 20 30 40
A of initial state

B.Fenker et al., PRL 120, 062502 (2018)
L.Hayen and N.Severijns, arXiv:1906.09870 (2019)
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lntergretatlon and future prospects

# Comparison of V4 from: 015 5% centidence 77} 7 et 200
. 7 limits | Ei VA ey w7p
% Mirror nuclei (including 37K) 52 ) N, Vo /4, <
7 \-\“‘--___! ii \ ‘i ——- BNe
¥ The neutron A - Ry :UB
. o~ o ; KAL) —— pure
¥ Pure Fermi decays 010 {7 7 pure &1 4 o
. N . - \\\\\\\ // Ei f’ \\ K (this vvrork) %
® Also other physics to > - S 7 —
= AL AL - 300 ©
. ~— / il\"‘\\l:\ <X | D
probe: - it e B 2
: i / N R . ~
¥ Right-handed currents < 0.05 / N AP
"""""" g :i \ \“;1;\ T —
o AN T - 500
*— 2nd class currents S . “E 1000
0.00 e -
*— Scalar & tensor currents 0.04 009 0.00 0.0 0.04

B.Fenker et al, PRL 120, 062502 (2018)

Mixing angle,

D. Melconian
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S1188 — Summary of polarized 3’K experiment
# 0.3% measurement of Az and <0.1% nuclear polarization

# Completed analysis as a function of Ez = Fierz

4200
0.15 - 907% ﬁ?;liftlsdence | :i. VoA - CKM unitarity
] e , Ji :E \\ l,", ——— 2y, o7 1,39/‘43
\"7"-\.\_\ | :i S s IRIEE neutron
o ! s 2y A 5
X 7 J :.E "]~ pure GT 4,
0.10 4~ f i A . o
E : s 2 /f H I \\ 3K (this work) %
\ T ‘_'"‘h-__‘__ _________ i { —
S 7 5% 2 o
%7/ i i o
1oL X
= / i ¢ o+ 300 5
i / = <
« 0.05 - // [ AN O
- e \ \\\‘:;\ e
" “\.; 500
T SM S
T ™ o =— 1000
0.00 —— e
—-0.04 —0.02 0.00 0.02 0.04

Mixing angle, ¢

B.Fenker et al, New J. Phys. 18, 073028 (2016)
B.Fenker et al, PRL 120, 062502 (2018)

B.Fenker, PhD thesis (2018)
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37K Anholm 2022

Neutron Saul 2020

0.05

(C1+C1)/(CA+C LD
o

-0.05+

~0.10 \

-0.10 ~0.05 0.05
(CS+CS) I (Cy+Cy)

M. Anholm, PhD thesis (2022)

ﬁ | TEXAS A&M



TRINAT plans

#» U. Manitoba student analysis

of bgi.r, has defended B

#» Next TAMU Ph.D. student: upgraded experlment ‘ s

*- A&M: DSSD - MWPC and PMT — SiPM

*— TRINAT: pellicle mirrors, lasers, diagnostics, ...
= expect great improvements over Ben's 0.3%

®» Once student identified and up to speed, request
beamtime for a < 0.1% measurement of Ag

® Peripherally help with other TRINAT efforts:

*— E, spectrumin 0~ — 0% decay of °2Rb

*— Time-violating search in 454’K with new GAGG detectors
*— Recoil-singles asymmetry Ayqcoi % 4 + B,

D. Melconian UTK seminar | Feb 13 2023
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Timelines for various Eroiects

Year | Year Il Year Il
# He-LIG/LSTAR ® He-LIG/LSTAR ¢ He-LIG/LSTAR'
% Re-build He-LIG gas cell, transport SPIGs; % Implement any lessons learned in Year | %— Ensure He-LIG is commissioned, and
test emittance with new chamber *%— Continue preparing Cave 5 (HV platform, Cave 5 is prepared for installation of
%— Submit bid, begin preparing Cave 5; shield walls, hole in roof plank, ...) LSTAR
e AT -
develop laser-alignment system s TAMUTRAP/WISAID %— Begin aligning LSTAR”
» TAMUTRAP/WISAID % Plan the detection system to replace ®» TAMUTRAP/WISArD'
%— Test emittance throughout beamlines; endcap electrodes; G4 simulations %— Re-configure high bay and prepare to
Ramsey excitations (?) ¥— Complete analysis of WISArD run; move the RFQ to Cave 5
%— Take PhD data for Morgan M. Nasser PhD *— Start upgrading detector/DAQ system
# SHe-CRES ® SHe-CRES ® SHe-CRES
*— Build and test high-throughput RFQ *%— Continue to test and optimize H,-filled *— In concert with ANL, upgrade CRES to
%— Submit proposal for trap upgrade with ANL RFQ utilize ion trapping
s TRINAT % Build Penning trap s TRINAT
%— Complete MWPC’s and install in time for ® TRINAT % Fix/upgrade B detectors (if necessary)
Aug beamtime. If major issues, consider % Test new detectors, prepare for 37K %*— If a PhD student is found, take 3K data for
commercial beamtime a <0.1% measurement of 4z
%— Attract a GS for thesis on 3K A; t0 <0.1% ' '
B %— Develop G4 simulations ® Other
# Other ® Other % Continue with VudU
% Publish 2°P lifetime and 3’K BR *%— Continue developing VudU *— 10C? #Ti?
%— Organize a workshop on VudU *— 10C? MTi? %— Molecular EDM?

%— Talk with Ronald Garcia-Ruiz about %— Molecular EDM?
molecular EDMs @ FRIB
"These plans are very contingent on the delivery

time for LSTAR from the commercial vendor
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