47K isospin /7[ 47K plans 0~ —0t 37K xtra concepts xtra tech references

Overview and Theory needs

¢ 47K isospin breaking and time reversal

Theory needs: recoil-order corrections like weak magnetism for TRV

materix elements on nucleon-nucleon TRV interactions like 7 - p, compare sensitivity
to 5Co

¢ °2Rb 0~ — 0% decay for reactor v physics

Q-value cut lets us isolate 0~ — 0% g.s. to g.s. branch

ag, close to 1: we don’t fully understand at low 3 energy

theory needs: Do we have the Coulomb correction right from Behrens and Biihring?
Calculation of the smaller matrix element o - r?

¢ 37K Mirror decay: bFierz; v helicity

Theory needs: 38K GT 3+ to 2% recoil order corrections

Isospin breaking calculations 3K

e Community: Revisit 2nd-class currents
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47K isospin f 47K plans 0~ —0* 37K xtra concepts

xtra tech references
& Analog-Antianalog isospin mixing in 4’K 3~ decay + time-reversal symmetry

e Isobaric analog states and isospin-suppressed 3
decay

¢ In ¥K isospin-suppressed decay, we measure:

a large Fermi contribution and Coulomb matrix element
a large fraction of predicted analog-antianalog mixing

e Sensitivity to time-reversal breaking 7 enhanced in
isospin-forbidden 3 decay YK
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4K isospin f“K plans

47K B~ decay and Analog- “Anti-analog” isospin mixing

n, tritium 3~ decay to their
isobaric mirrors

Bdecay
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data from J.K. Smith PRC 102 054314 (2020)

xtra concepts

xtra tech references

47K decay to its isobaric

analog is energetically
forbidden,
so is purely G-T, unless
isospin mixing of analog
and “antianalog”

configurations lets Fermi
contribute — nonzero
47Ca asymmetry wrt YK

nuclear spin

Barroso and Blin-Stoyle PL45B 178 (1973).
sensitivity of
T correlations to 7P even
N-N isovector interactions
is enhanced by ~102,
because T is referenced to
Coulomb (not strong)

interactions
/958
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1000 atoms trapped 47Ca & atomic e~ Source Arceoi pseudoAs
200 . . Arccon bk 6F4% 0.014 Z0.002
' Polarization 0.96+0.04 0.004 0.023
2 150 - 3~ Branching ratio 0.002 0.022
> Weak magnetism 0.0006 0.0003
bC MOT then OP 8 100 L Fitrange in Z 420 to 34 mm 0.012 NA
3 47cat! percent bkg 0.001 NA
3 50 - 47ca*V distribution from TOF < 0.0005 NA
E field negligible 0.025
0 Backscatter correction -0.0124-20% NA 0.0024
o 0.3 Fit isti 0.037 0.082
S o2 |~ otal 0.041 0.091
€ 0N ’% I - o Nonzero 4”Ca asymmetry wrt spin =
2 _0.01 jali 1y L
< o wl I a nonzero Mgermi
E,O_IZA X?/Ndeg= 0.88 L y = gVMF/gAMGT = 0-098 :i: 0-037
<L CL= 59.6%
-0.3 . . ; =
SCIE SR G (A| Vcoutomb|A) = 101 £ 37 keV
mm
. B~ &% Ca .

(a—b)/(a+b)
o
2

y=0.076+0.082 e y=0.1
—0.54 x%/Ndeg=1.20 --- y=—0.1 L
CL=28.9% — fit
- A, only
-10 T T T
-40 2! 0 20 40

Z[mm] 4/25
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Implications for planned 7’

@ Isospin mixingI in isosplin-supprclassed 16} (I:iecay: y = gvMg/gaMgr large enough to
= - be favorable for D /T measurement
T
0.4 q * Present L DJ- pZ X pu B -DJ- pB X pu
o +
03- B . D= TLy/(1+y2) sm(av—a,q)
} B inA- A systems Barroso and Blin-Stoyle
02 N S ek PL45B 178 (1973) B
> i o = g AV
0.1+ “7K{ ! - Smay = —lEN A
3 (A|Vyl.4)
OO { En o §%§ D XX 5E4f—
H i e To get same sensitivity to
—0.17 bosscod [ (A fl.A) we need D 30x better in
09 % 47K compared to %Co
: 4 5' 6I 7| 8I 9 E = —0.01 4 0.02 calaprice Freedman ... PRC
lo £t 15381 (1977) NO WoOrries
g10( ) e However, nuclear matrix elements
e Mr can remain ~ to Mgr as Mgr falls two orders (A| V.| A) might also fall with Mgr

but is always smaller i.e. ‘complexity’ so may favor *’K
5/95
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& Analog-antianalog mixing in 3 decay: Schematic model for A and A =
1 I. 1 1 1 | HC — <A|VC|A>
» [T2p C I L. o s [ =Sl Velin) — (RIVeli))
10" 1 7K { " . - —0. 35 Vo _ZMeV, for HO wf’s
—_ ] i I %GCa - and excess n’s occupy 2 major
> Ni §2Ga I shells
=X, iy 7As - Hc for many 3 decays is a small
— 104 s I ' | fraction of the prediction: attributed
T 3" e e - to fragmentation of .4 configuration
17 2Pfoe i among several eigenstates
+ 2pfy), l or Auerbach, Loc NPA 1027 122521 (2022)
J SGCO
0
10 T T 1 T T

log, (ft)
47K 3~ decay has:
e Large Hc = (A|Vcou|A) = 101 £ 37 keV
e Large fraction of .A — .4 mixing prediction auerbach Loc NPA 1027 122521 (2022)

« 47Ca?” has only one 1/2* state, .A configuration not fragmented
20 B/25
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Analog-Antianalog isospin mixing in K 3~ decay and T’

Measuring isospin in {7K? decay determines sensitivity to
parity-even isospin 7 N-N interactions via future DI - V3 x V;,
B. Kootte et al. Phys Rev C 109 L052501 2024
L L . \ \ oK Tg2p VP 27 Y = gVMF/gAMGT = 0.098+0.037
- e e large enough to be favorable for
100" ] . T _ D, enhanced by ~ 102 in
= i fmé:?“ B —— isospin-suppressed 3 decay
= e | } Tl . Barroso and Blin-Stoyle PL45B 178 (1973)
© 107 - g calculate reasonably large '3*Cs
1+ 201, 80(2) 4.81 1/2* 2.59
1 o1, 8.4(3) 548 3/2" 2578 T matrix elements:
N l R 'z 208 47Ca’s 1/2+ simple structure
0 5 6 7 9 JK Smith PRC 102 054314 (2020) should make calculating 7’
log o(ft) /2 - nuclear matrix elements of 7 - p
I=1/2+ K 3~ decay has large: practical
o He = (A|Veou|A) =101 + 37 keV  20Ca”"'s single 1/27
e fraction of .A — A mixing state contains most

prediction Auerbach, Loc NPA 1027 122521 (2022) of the A config ~/08
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T_ opergtion J‘ y Ty T51

\M_

IP) T,

71,71 |

‘antianalog’ — F

1G)
Any T decay experiment should answer:

e Does interaction between outgoing
particles mimic 7?2 (We hope we can reach
the D < 10— 3 level of such false T)

e Have null EDM’s ruled you out?

(Not if we reach D < 10— 2)

37k

in isospin-hindered 3~ decay Bgarroso and Biin-stoyle, PL 458 178 (1973

xtra concepts xtra tech references

DJ Pﬂxpu t—— t—DJ PBXPu
ﬁ

= JT_1Y/(1 + y?) sin(ay — aa)

| ME|
with y = |MGFT| (F| V4| A)
) _ TR
In this system, sin ay = —i (F| Vcou|A)

So for T physics mixing antianalog |F) with
analog |A), then V)‘ is only competing with
VCOul’ not Vstrongs

enhancing ay by ~ 102 or 10° ©®

e Has your experiment been done better?
(Our goal is 3x better than Calaprice et al.
56Co, and complementary to NOPTREX
neutron scattering resonances for
parity-even isospin-breaking interactions)
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RTRIUMF  p7. V3 X Vv, in atom trap: Features, Systematics

e Collect recoils going into 4 pi with electric field of
1 kV/icm

e Full reconstruction of recoil and beta momenta

e Point source: we know where it is (by sampling
photoionization) and it doesn’t move when we flip
the polarization

D Uncertainties / 100 scaling from weiconian PLB 649 270 (2007)

B, Improvements Projected
Cloud position o+ 1.3 +500um — +20pm  0.05
Cloud size/Temp 03 “” 0.03
MCP Position cal 1.0 DLA+ mask <0.1
X-OP alignment 0.25 Geometryis L <0.02
E field 0.2 <01

e Any stray polarization along wrong axis is deadly, a lowest-order fake D:
Measure with singles asymmetry for recoils and 3’s

qQ/25



47K isospin /47K plans 0~ —0*

%Co T experiment

Asymmetry of the 45° ~ detectors with

nuclear alignment

=4

C

BETA
DETECTOR ™\

“Test of time-reversal invariance in the
beta decay of 56Co”
Calaprice, Freedman, (Princeton);
Osgood, Thomlinson (BNL)

PRC 15 381 (1977)

COBALT
CRYSTAL

xtra concepts xtra tech

E; =-0.01 £ 0.02

log(ft) = 8.7, yet known allowed:
E;3 spectrum, no 3-v correlation)

y =-0.131+0.02 PRC 26 287R (1982)
Markey, Boehm (RIP Felix 2021)

Vcou= 2.9 keV, Vy = 54 £ 110eV

(J.L. Mortara Ph.D. thesis 1999 UCB

E; = —0.001 £+ 0.006

= Vy=5+£33eV)

We believe we can measure D in 474K
much more accurately than E in 55Co,
but we must find a case with |Mgr|,
Vcou, and 7 N-N matrix elements to
allow complementary or better
sensitivity to Vy

references
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47K isospin /47K plans 0~ —0t 37K xtra concepts xtra tech references

47K recoil order estimates still in progress
ngZB M= 1.9 Mnucleon = thought to be 71% 231/2 Choudhary, Kumar, Srivasta, Suzuki PRC 103 064325 (2021)
Assuming 1/2t — 1/2* transition is 2s4/,—2s4 > (no orbital / contributions):

e Weak magnetism by ~ the nucleon value
e 1st-class induced tensor d; ~ 0

For our Mg/ Mgr measurement, Future D final-state effects Hoistein PRC 5 1529
Accons Az changed by < 0.01 (1g?gé;mall‘ at Fhlg accuracy:
Finite-size correction cancels most of this © o001 e I
in Arecoil %J ’ T .

. * —0.0002 4 ToF
Recoil-order effects small at present level L
of accuracy — statistics-limited W —0.0003 r
measurement € _0.0004 1

47K
0 1 2 3 4 5 6 7

Note: 56Co final-state E;=0.0002 caiaprice 1977

11/25



47K isospin /47K plans 0~ —0* 37k
e P even N-N isovector/tensor T:
complementary to 7 neutron resonance
experiments
Barroso and Blin-Stoyle

using Herczeg NP 75 655 (1966):
Viv.= Gt,v,’i'[f(")f'P"'h.c.]

X [1+aotD- 0(2))(1'g1)+'rg2))

+ (b+coD 0@ {072

xtra concepts xtra tech references

Samart Schat Schindler Phillips PRC
2016: Isoscalar and isotensor P even T’
7-N suppressed by 1/N¢; isovector a;
contributes, not p and hy

D produced by most T interactions
would make a large neutron EDM = D
less than 10—* (Ng and Tulin PRD 85
033001 (2012).

Isotensor T interaction would make D
but not T=1/2 neutron EDM, but tricky
microscopically without making
isovector T'.

Barroso and Blin-Stoyle 102 A — A
enhancement = our goal of D < 103
in 4K evades Ng-Tulin bound.

NOPTREX: P-even T neutron resonance experiments are ongoing (in addition to P
ones), with planned sensitivity to matrix elements ~ eV.

We hope to be complementary on isovector P-even T by reaching similar

sensitivity.

192/925
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0—- — 0t decays make ~1/3 of reactor E, = 5-7 MeV
“Rb Q=8104

47K isospin

Warburton PRC 1982:

P(E,05.)= 1 + a v/c cos(6,)

2
1w
9¢2 w<&o?
a= w2 2wmﬁ'y ? 1

o~ g,

Nuclear matrix elements:

<'||0 : r||f>/Rnucleus =w
(I||lvs]If) — &o
Which = 3 spectrum

distorted by:
14 w? 2wmgy

9¢z  3&Es

0~ —0t 37K

QFHF) Bes

1 6.49
1 6.55

()1

2* of 0. &R

1yt ———f i o g

2 — 043 977

ot Vv 952 5751

Three experiments (two
T.A.S., one careful 3-+)

We see that a changes with Eg how concur on z?ﬂ%
E, spectrum changed by < 10% €Xxcited state feeding

xtra concepts

xtra tech references

[/ = Irn)lin

0.0 25

Sé)u + ?ﬁ +}2r0' rr;zﬁ\/le\l/sfo 175 200

We separate the decay to
the ground state quite
cleanly from the
reconstructed total
energy:

<1% correction from the
lowest 1st forbidden

unique 0— — 2* branch
13/25
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47K isospi
»@TR'UMF Preliminary: 0— — 0%+ °2Rb decay
Conqbined +2,3,4},5,6

e Recoil energy spectra as a

ol Eae function of E; — ag, [Ejs]
- - BCK

20071 e ey Remaining issues from
P bt progeny accidental
€ gsolt ¢ Fomsamey background at low Ej
S James McNeil, APS DNP 2020

100r RF.00004

sol June 24, 2022 update

e Coulomb from Behrens and

Lo = e = Biihring ~0.01
A NN bytey TN ETITII Y o Low-E;; (high E, ) systs from
= -osff I { I t * *’M | progeny random bkg and from

260
Recoil KE [eV]

300 400 500

(3 backscatter
e Contribution from o - r small,
it is a question of quantifying:
14/25



47K isospin f“K plans 0~ —0%
Preliminary: 0~ — 0% °2Rb decay

e Measured progeny background not
included below
o Fitting low-E with 22 changes ag, too
much at hlgher Es

Combined +2,3,4,5.6

1.4r
1.2
1.0F — - SN r+¢*++1|\‘
05 H
® i
0.6F
0.4
— aw=1
0.2 Wiy = -0.152 +/-0.03
' Chi2/DOF = 1.435
t t +23456
0.0 t T t + +
— 0.1} 4 + 4
v00F---F=== };;’371;~m4—<—,‘m—44-ﬁ*‘,7*—)—7-,-,T S N
s ol H ~ - DatafFit- 1 1
17021 ~ - Allowed/Fit - 1 1
= 03 b} 423456
-0.4
0 1 2 3 4 5 6 7 8 9
Eg [MeV]

37k

xtra concepts xtra tech references

e Floating measured background by eye can

force “’"’g =0 artificially

o Still need to normalize progeny
background, evaluate Eg backscatter
uncertainty, and extract “’""3

Combined +2,3,4,5,6

1.0 L_l_i‘u”u N et 'L$"|‘+i |
3 R
< 68 + | ‘ ‘ | | L]

© :ZL + ]
§’ = T }‘H i “U‘HHf ’+‘H‘+ ﬁhﬁi *H‘HH &W‘ 71

o
-

2 3 4 B 6 7 8
Eg [MeV]
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0~ —o0t 37K

xtra concepts

xtra tech references

@ 3K: TAMU Fit progress: recoil-order corrections status

37K
3/2%

3/2¢ 00201
5/2*  193(33)
7/2- 25 ppm

1/2* 42 ppm

3/2* 97.99(14)

.'§7Ar

Ft (Shidling PRC 2014) =
4576 +8s

Ozmetin et al. TAMU
Branch to 5/2+ improved
— PRELIM 4585+4 s

Qqe=6.14746(20)
MeV

CVC = most important
corrections:
© = bwm
(small for 7ds,2)
Induced tensor d; =~ 0
for isobaric mirror
Q = largest 2nd-order
recoil + Coulomb +
finite-size =
AAz =~ -0.0028 (Eg/Eyp)
Holstein RMP 1975
Our deduced V4 from 37K
As agrees with Hayen

~0.0005 for Vg4 from Arecoil Young arXiv:2009.11364

becomes possible

F X Konieczka, Baczyk, Satula PRC 105 065505 (2022)
20 | "ONTO MR BFT
15 | +NSM Towner 2008
_ | xNLONCCI
X 1.0 r
R x
w
05 | * X
0.0 L

9 13 17 21 25 29 33 37 41 45 4

Mass number

DFT with extra

isospin-breaking QCD

isovector interactions tuned

to fix Nolen-Schiffer anomaly

in mirror masses differs from

Towner 2008 for 37K 3 decay

16/25
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Isospin breaking of 3 decay
1j and 1y can be related to
triplets of isobaric charge

radii seng, Gorchtein Phys Lett B 2023
Only triplet with ( chmge)
known is A=38:
38Ca 3.467(1) fm,
38mK 3.437(4) fm,
38Ar 3.4028(19) fm

= AMY) = -0.03(54) fm?;
models span 0.42 to 0.04 fm?
Needs order of magnitude

better (

charge> 21

0~ —o0t 37

Improved measurement of 38™K (r2

J.A. Behr, L. Haddad, F. Klose, B. Ohayon, B.K. Sahoo

4S—>4P1/2 r=6 MHz

’

il
—18 MHz -8 MHz 0 MHz +8 MHz+18 MHz
Behr PRL 1997 51,3938 = 1324 3 MHz

95 mW/cm?, EX -
@ -129
3
-130
i —
N —131
25 mW,/om?, % —132
o133
D iz
=I80—160—140—120—100
Probe v [MHz]

0

(OGO s
1rBho00n 0N o

Position(mm) *"K position [mm]

Trup Intensity (mW/cm?)

bissell 38mK 38K pr paf

Bissel PRL 2013

5039:38m = 134.541.1 MH,

0
‘1000 500 0 500 1000
Frequency relative to the hfs centroid of “K’ (MHz)

ISOLDE did much better

xtra concepts

L) for Vg corrections

40 60 80 100

xtra tech &

431/2 —)5P1/2: r=11 M Z
for 0.1 MHz accuracy?
Katyal 2412. 05921 RCC Ksms='3° 61+5.2

99500
3
X9450 r
X
o400 r
= Halloran OC 2009
¥ 9350 r
@
& 9300 Befrle PRA 2011 454.2608 MHz  Befrle 2011 [
5 e 235420 M
> 9250 « F
2 o-mg
2 9200

4800 5050

4850 4900 4850 5000
45 to 4P1/2 1S.4(AT A2)/(A1-A2)

04 * L. Halloran Opt Comm 2009
39K 456.1 +- 0.8 MHz
4K

Sat Spec Cell

lock—in

-04

440 460 480

500 520 540 560
v [Hz)

0
F. Klose
TRINAT MOT

48 ->5P1/2

41K
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If I; = kisia @nd kyigiar = kinal, the
leptons can’t increase /; g,
If 3+ down, the v can’t go up,
unless either 3 or v have
wrong helicity

Any imperfect I, /I mimics a
wrong-handed v

38K G.T. 3t —»2* needs both
v and 37 helicities wrong:
would be most direct v helicity measurement

since Goldhaber 1957

0~ —0t 37

47K isosel 47K plans
@TRWM? 'A'spin-polarized angular distribution sensitive to v helicity

Helicity-driven null

Fenker et al. PRL 2018
Ap=-0.5707+ 0.001913 in
agreement with SM

achieved I, /1 = 0.991 + 0.001
0.993 to 0.994 in 2024

xtra concepts

xtra tech references

2014 polarized 3-recoil

Ll —

1100 1200 1300 140
Recoil time-of-flight (ns)

Vroraxis = 0 suppressed. Dip
would be deeper with ion
MCP position cut or
cos(63_, ) determination
W(0,P) =~ 1 + apy cos(03.)

ag,—2¢/3T+PB,
1+PAg+bm/E

=1 or 0, independent of MM—T

900 1000

apol -

18/25



47K isospin f“K plans 0~ —0t
AsEs] 'K
(data of Fenker et al. PRL 2018)

M. Anholm Ph.D. thesis U. Manitoba 2022
(and to be submitted)

bF=-0.00021-0.024 (stat) +-0.039 (syst)

f . Data
| GEANT4 to to all data

-0.461

4|.,
N —
- ——

4._.4
-
-—e
o
P—
.
.

-0.50)

1
o
o
rY

IIITIIIlIIIlIIIMMII

perratio Asymmetry

-0.58

Su

E

Residuals
o

2 .

0 2.0 3.0 5.0
Scintillator Energy [MeV]

37

xtra concepts xtra tech

references

new MWPC’s for AE, pellicle mirrors, low-Z
mirror mounting — 5x improvement

Source Present Future
be br
(3 Scattering 0.031 0.003
Mirror Thickness 0.013 0.001
DSSD Thickness 0.013 0.001
DSSD Detection Radius 0.006 0.001
DSSD signal/noise 0.006 0.001
Low-Eg; lineshape 0.008 0.008
DSSD XY Energy Agreement  0.005 0.001
DSSD E threshold 0.005 0.001
Scintillator Threshold 0.004 0.001
Scintillator Calibration 0.003 0.003
Atomic Cloud 0.002 0.002
Background 0.004 0.004
Be Foil Thickness 0.004 0.004
Total Systematics 0.039  0.0041.
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K5px better 3];KK;)‘E,:Swould réagﬁ helpful complementarity
ey . | Beck et al. PRL 2024 neutron
3 combining aSPECT ag, and

Perkeo lll Saul et al. PRL 2022
A can be accommodated by:
e 2nd-class “induced scalar” in
e — N vector current ex -30
(in one parameterization)
Z e 2nd-class induced tensor in

n Agta,, e — N axial vector current

al” [Kubodera PRL °77 has n and
Om >1.5TeV

® 52 2TeV nucleus-dependent SCC’s]
006 -002 002 006 — e There is < 90% tension
c =cl)/c between n decay here and LHC
(€=CY/C,y

8 TeV data — fine-tune scales
to avoid tension with LHC 13
TeV.

Comments on scales and physics following 4 slides: oo
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So now our full lepton-nucleon interaction density is (Morita Hyp. Int. 21 143 (1985)):

V2L = [V + As] [Pera(1 +95)%0] + [V + AL] [uva(1 + v5) 9]

with explicitly different forms for 3+ decay:

——oxok, + 'gSkA) Yo Ax = Yps <gA7>\ + g ——0oxpk, + 'ngA> Yn

Vi = p (QV’)’A + L om

2m

*

. - " g7 ,
o')\pk' lgskg) vp A\ = Pns (gA’YA - ;;cnpk;, + 'ng§\> Yn

9u
V;\ = "/’n (gv’Y)\ + om

k=kp—kn=_k,

Yes, the hadron part, because of the QCD-driven “dressing” within the nucleon, is
more complicated than the lepton part.

gs and gr terms change sign from electron to positron decay. These are therefore
odd under charge symmetry. So they vanish in isobaric analog decays to the extent
that charge symmetry is good. These are called “2nd-class currents”

Divergence of gsk) is nonzero, i.e. breaks CVC
21 /925



47K isospin /f 47K plans 0~ —0t 37 xtra concepts xtra tech references

“An induced scalar would be sensational” D. Wilkinson, ca. 2005

e “Induced (by QCD combining quarks into Ft = Ft, [1+ e m,/M<m /E_>]
L 3095 1 1 1 1

::fl!::tns) scalar” is part of the e — N vector e /e = (0.5 = 17.9) o 107

: THardy + T PRC 2020 [
e Produces same (m/Ejg) as Fierz term “o85. arey w fowner I
e Fitto 0t — 0% Ft -
Holstein 1984 parameterization: gs = s 3080 -
emg/(Amx)mg/Eg {7 30751 . L ] { L
—e=4+32 so04 | I 1D ff .
e= -30 explains neutron decay
Beck et al. PRL 2024 ag, using Saul PRL 30657 -
2022 As 3060 . . . .
and is consistent with other 3 decay o 2 4 6 38 10
experiments Qg [MeV]

Caveats: Holstein 1984 contrains e/A, not e;
Weak magnetism for mirror nuclei b/A is o« ps — pj;
Kobodera Delorme Rho NPB’73 do not find the coherent scaling of 2nd-class

’induced tensor” term with A predicted by Lipkin. e



4K isospin /47K plans 0~ —0t 37K xtra concepts xtra tech references
K. MINAMISONO et al.

Induced 2nd-class “tensor” current in
axial vector e-N

There are constraints from BABAR PRL
2009

but in 1st-generation 2nd-class currents are
(almost by tautology) best constrained by 3
decay

Wilkinson EPJ 2005 using

General model of Kubodera DeLorme and
Rho PRL 1977

A constant characterizing neutron 3 decay
Terms with interactions between nucleons,
short range and by meson exchange

Most recent update is Minamisono 2011 —
Do these limits allow a n 3-decay SCC?

e
o

16 contour
previous

| 10°{(Mev™) Governs neutron
-
=

=
o

A =20 previous

-1.5 -1.0 -0.5 0.0 0.5 1.0 15
10°2  Nuclei

FIG. 14. KDR parameter space with L calculated without a short-
range correlation. The shaded area is the present result and the light-
chaded area 1< the nrevione recnlt for the A — 20 eveterm The <nlid?23/25
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An amazing yet SM background-limited channel
10% agreement with SM W — ev over 3-4 orders of magnitude!
CTRNZ P 2 s, Sensitivity improvements at higher

o 10° T e PHYSICAL REVIEW D 91
c W - ev e Data2012 3 1o
o 5 .| AR anEn - - .
g 1 R = ‘ V/s require higher scale:

JLdt=2031" CIW@ETeY)
ow

e The 8 TeV pp— e + missing

12 Sob transverse energy
10§ 20 fb—' data was used to exclude Cr
o and Cs values with
o transverse mass m, > 1.5 TeV
R e The 13 TeV 36 fb—" data had more

sensitivity to production of such

events, yet had to consider
~miiie somewhat higher scales producing
= my > 2.2 Tev,

e Adding more 13 TeV data to 138

fb—' changed
4 events seen with 6 expected to
22 events seen with 20 expected
Similar limits on Cs,Cr

35.9b ' (13Tev)
e

E —W(@Tev) « Data
G gl E=13Tev,seamt —W@Tey) OW

wod ool 3o o ol v vl vl v

il

‘ov‘vf ‘I'
LN
1000 _ 200

Transverse mass [GeV]
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Summary and Theory needs

¢ 47K isospin breaking and time reversal

Theory needs: recoil-order corrections like weak magnetism for TRV

materix elements on nucleon-nucleon TRV interactions like 7 - p, compare sensitivity
to 5Co

¢ °2Rb 0~ — 0% decay for reactor v physics

Q-value cut lets us isolate 0~ — 0% g.s. to g.s. branch

ag, close to 1: we don’t fully understand at low 3 energy

theory needs: Do we have the Coulomb correction right from Behrens and Biihring?
Calculation of the smaller matrix element o - r?

¢ 37K Mirror decay: bFierz; v helicity

Theory needs: 38K GT 3+ to 2% recoil order corrections

Isospin breaking calculations 3K

e Community: Revisit 2nd-class currents

25/95



47K isospin /7[ 47K plans 0~ —0t 37K xtra concepts xtra tech references

There are at least 2 ways to make 2nd-class currents in a quark model:
e Remembering Standard Model has -, d and t~sd terms only,
add derivative terms like 9,,ud and 8" Uo ., ~vsd Chiral EFT has these

These are not renormalizable, one large reason they were excluded from the
Standard Model (Weinberg Phys. Rev. 112 1375 (1958)).

[One perspective is that the Standard Model itself may be an Effective Field
Theory good up to some very high energy. Naively, maybe that means
renormalizability is not an exact logical requirement. However, deliberately
introducing a manifestly unrenormalizable term would still be a very complicated
move for the main part of one’s basic theory. ]
¢ Introduce a new quantum number in addition to color and flavor! (Feynman
famously called this g.n. ‘smell’? ). You can also interpret this as a second set of
quarks (Holstein Treiman PRD 13 3059 (1976)) Carrying this quantum number.

A related scenario: recently people consider extra sectors of particles not
interacting much with us, but interacting strongly among themselves.

QCD-like symmetries turn out to be a feasible way to generate dark matter.

There are tight constraints from experiment on such scenarios.

e The best experimental limits on 2nd-class currents, from dedicated 3 decay
measurements, allow 2nd-class current effects about an order of magnitude larger

than the known ones from charae-svmmetrv breaking in QCD. .
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The analog is: Schematic model for .4 and A =
Hc = (A|Vc|A)
|A) = [ i~ )i )iy )y = Yz (G Velin) — Gzl Velio))
\/_ — 0. 35\/W Z MeV,

)
le 1 2T A2/3
+v/n2 |11 (n), (n)j2(p))]  for HO wf’s and excess n’s occupy 2

major shells

The anti-analog \A) is then: . .
Hc for many 3 decays is a small fraction

_ of the prediction: attributed to
|A4) = /— [vma |37 ()i (p)35* (n) fragmentation of A configuration among

—/n1 |31 n)joe l(n)jz(p)ﬂ, several eigenstates

Auerbach, Loc NPA 1027 122521 (2022)
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Optical pumping of 1=1/2 47K

37k
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We measure by atomic techniques the polarization of the 3-decaying nuclei

355 nm

T

mm
1mnn

+

O

-10 1

4Py n

770 nm

4342

2.0 -
o 15 o
5 10
3
8 os H
g‘ 0 07 04 06 08 10 12
o 15 g
5 10
H
805
2‘ 007 04 06 08 10 12
o 18l linear
5 10
H
cos HH H H
08506z oz o 2

(tight cuts on timing
wrt pulse laser and

center position exclude

background:

H. Gallop. U. Waterloo)

We alternate trap/optical pumping

Apply circularly polarized light along z
quantization axis.

Once we start OP cycle, atoms increase
spin to maximum, then stop absorbing
If light is linearly polarized, atoms keep
absorbing.

When excited, a pulsed laser has enough
energy/photon to photoionize (a small
fraction) of them.

11 photoions while linearly polarized,

1 photon circularly polarized —

nuclear polarization 96+4%
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37K polarization 2024 (PRELIM)

/f 47K plans

o+ /lin = 0.027 = 0.006
o~ /lin = 0.021 + 0.007

Rate equations with measured S; and fit B, =-
I;/1 =0.993 4 0.001 (stat)
o~ :1,/1=0.994 + 0.001 (stat)

o /lin measures change from 1.

1.000 4=

37k

0.998
0.996 -
0.994 -

. . .
T _ Rate Egs, Bbad floated

"8, measured 2024

0.9924 .

Nuclear Polarization

0.990 A

0.988

g

a
+

simple

.00

01

02 03

Ratio circular/linear

m=-2 -1 0 1

references
.

xtra concepts xtra tech

100 — 100 L L
» o ° linear
£ 80 £ 801
3 g
O 60 O 601
5 5
3 40 5 40
220 F2 201
[+ % [-%

0 :

8

oP tlma [ms]

o

1 H 3
OP time [ms]

ph'otoi'on counts

g

g 8 ¢

linear

2

photoion counts

o 8 &8 8 8
-] af
|

oP tlma [ms]

]

0

1 K
OP time [ma]

Simpler model (perfect Ss,
Larmor precessiononly):

I,/ =~ 1-0.175 N, / Ny,

0.175 is small because the main
depolarized states still have
very good nuclear polarization
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@TRIUMF  TRINAT plan view

e Isotope/lsomer selective e Avoid untrapped atom background with 2nd trap
® 75% transfer e 0.7 mm cloud for 3-Ar* — v momentum

ISAC Ion [ beam f~—15cm—f

Collection chamber Detection chamber

e Spin-polarized 99.11+0.1%

20/25



47K isospin f 47K plans 0~ —o0t 37 xtra concepts xtra tech references

Neutralizer and Collection trap

® 7r O Mo ® Hf ® Fe
ONb @&V oY O Pt
B Ta ow ® Re | Ni

g
o

Release fraction, F

0.8
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47K TOF and 3 spectra

1 1 1 1 1 1 200 1 1 1 1
+2 — YCa & e~ )
600 - “Ca & B~ | [ Xx2/Ndeg= 1.00
500 L 150 CL=45.7% -
9400 N o
5 5 100 -
S 300 1 L 3
200 =
50 =
100 =
- safling,
0 T T T T T T 0 T T T e
400 600 800 1000 1200 1400 1600 1800 3 ] J 3 :
TOF #Ca — e™ *Ca — §~ E, kinetic [MeV]
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