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Searches tfor New Physics in Low Energy Nuclear Physics Environments

[J Search for BSM (Beyond the Standard Model) physics in low-energy environments ofters complimentary and

competitive constraints to collider searches:

Precision comparison Nuclear Physics 1s the “background™

with experiment - long-baseline neutrino-nucleus
- neutron, nuclear f-decay scattering

- Kaon fp-decay

Hyﬁer-Kamiokande\‘

A gantic detector to confront
slamemary particle unification thaories
and the mystesies of the Univarse's svolubo

DEEP UNDERGROUND
L W= NEUTRINO EXPERIMENT

SM Forbidden

- Oupps

- Dark Matter

[Double beta decay]

= FmassTenergy

= 1 (or very close)

SM “absent”
- EDMs

-U—>e

EDMTT.\‘IDM EDMTIMDM

i

Time
Reversal




p-decay — precision tests of the Standard Model (SM)

O The generic g-decay rate is given by
= (1) 2 2
I, = (GF” ) X | Vil X | Mpyql™ X (1+5c) XFin

Fermi’s decay constant non-perturbative
measured with p-decay hadronic matrix elements

Quark mixing matrix elements radiative QED phase space
Verm = Gabibbo - Kobayashi - Maskawa matrix corrections kinematic factor

e S s

Vekw is a unitary matrix — if SM only Gr 7
no new physics: |V, |+ |V, [*+ |V, =1

(8’ ) — (V;l s A : ) (3) low-energy z DN decay
C CS C u; - 1 VA
= i(V—A)z . A
;; V—A

Determining V;; requires knowledge of | My 4]
— we need LOQCD (Lattice QCD)



p-decay — precision tests of the Standard Model (SM)

O The generic g-decay rate is given by
= (1) 2 2
I, = (GF” ) X | Vil X | Mpyql™ X (1+5c) XFin

Fermi’s decay constant non-perturbative
measured with p-decay hadronic matrix elements

/
Quark mixing matrix elements radiative QED phase space
Verm = Gabibbo - Kobayashi - Maskawa matrix corrections kinematic factor

d’ Ve Vus Vis\ [d
(8’) — (V;l V. V:) (3) low-energy z DI decay
c cS & u: i —
)= Vg Ve Van) UL s = d <G 7 .
= (V= A)> |
V-A

Vekwu 18 a unitary matrix — 1t SM only : Gr Ve

no new physics: | V1" + |V, "+ |V, 1" = 1 What would heavy BSM contribution look like?
‘Vud‘z_l_‘vusz_l_‘vub‘z#l .

Determining V;; requires knowledge of | My 4] b = q

—> we need LQCD (Lattice QCD) e J

= 2
D, (LAPST)



T 7 ev, nuclear 07 — 07
theoretically clean theoretically messy
experimentally noisy experimentally clean
K — mui ¢"{z~(p + ) | 5y,u| K*(p))

Bt — = £,(0) | V|
theoretically clean Mk = M 420
experimentally clean

K — pw, 0|5y, rsul K¥)  mi Fe |V,

™ — Uy o*(0 J}/ﬂysu“z"") , Tl b R

theoretically clean
experimentally clean

n — pele

theoretically clean-ish
experimentally clean-ish
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Vud T e CUp

theoretically clean
experimentally noisy

Nk K — muv,

theoretically clean
experimentally clean

Vs K — uv,
Vud i ,uﬂ,u

theoretically clean
experimentally clean

gz~ (p+ @) | 5y,u| K’(p))

nuclear 07 — 0 n — Pele

theoretically messy theoretically clean-ish

experimentally clean experimentally clean-ish
0.228 -

Cirigliano, Crivellin, Hoferichter, Moulson

PLB 838 (2023) [2208.11707]

0.226}

= 1 O) [ V]

2 2
mg—m

z _
= i
0 0.224_

0|5y, ysul K™  mg Fy |V,
# O\ dyrsulaty | m2Fy [V 0.002. S
e
P e i i s A ok~
Acie = | Vg P+ 1V P+ VP =1 960 0965 0970 0975
=

= —0.00176(56) V.,
Cabibbo Angle Anomaly =



0.228 —

- Cirigliano, Crivellin, Hoferichter, Moulson - e : : : E
PLB 838 (2023) [2208.11707] w 1 Most significant tension with unitarity comes from Kaons

K->ntvvsK—-> Cv/nm— v

0.226+ (Kp3 Vs Kpplmpy )

J Some determinations of these CKM elements

: |
Ny 0-224_' V=0 = 0.97367(11)eyy(13) 42 Dns[32 o

Vi = 0.22330(35)0p(39);.(8)15[53 ] o1

1 At this level of precision, caretul treatment of radiative QED
corrections has become the frontier
1 Orniginal Sirlin & Marciano et al approach (current algebra)

0.22 -' Ny . 1 d modern pheno and EF1 treatments
~0.960 0.965 0.970  0.975 O lattice QCD + QED

=
Vud

0.222

P10y Lureiu(l

ACKM = |Vud‘2+ ‘Vus‘z'l' |Vub‘2_ 1
= —0.00176(56)
Cabibbo Angle Anomaly



Cirighiano, Crivellin, Hoferichter, Moulson

PLB 838 (2023) [2208.11707]

Jeeh e = e
0.226+
= _
= k
S8 0.224_
0.222-
: 07 - 07 =i
i n—pev
22 il A T el el e
A (9960 0.965 0.970
Vud

[0 30 tension 1s seen with N; = 2+14+1

] less tension with ]\Q =2+ 1

Vs

-LAG2023

0.228 -

0.226 A

-----------------------------

o2244.____ _____ N s
0.222 :
attice results for f.(0), N, =2+1+1
B lattice results for f=/fr=, N, =2+ 1+ 1
0.220 - attice results for fL(0), N, =2 +1
' I lattice results for fe=/fr=, N,i=2 + 1
attice results for N, =2+ 1+ 1 combined
attice results for N, =2 + 1 combined
0.218 - B nuclear B decay, PDG 20
' ~ nuclear B decay, Hardy 20
| | | - | -'
0.955 0.960 0.965 0.970 0.975 0.980

Vud



Ne=24+1+41

Ne=2+1

non-lattice

Nf=2

FIAG 2023 f(0)

il FLAG average for N,.=2+1+1

lﬂ FNAL/MILC 18
H ETM 16
R+ FNAL/MILC 13E

- FLAG average for N,=2+1

O PACS 22
I—H:I-I—r PACS 19
H—_f JLQCD 17
l—.——u RBC/UKQCD 15A
—H RBC/UKQCD 13
] FNAL/MILC 12|
H— +—H JLQCD 12
' [ | JLQCD 11

—— RBC/UKQCD 10
H—ﬁ]—!—( RBC/UKQCD 07

FLAG average for Ns=2

1 l ETM 10D (stat. err. only)
' : ETM 09A

¢ — Kastner 08
: O ] Cirigliano 05
O ] Jamin 04
. @ : Bijnens 03
O | Leutwyler 84

0.95 0.97 0.99 1.01

[ Currently - > 36 tension 1s driven by a single
Ne=2+1+1 LOCD result for f, (0)

Vs

-LAG2023

0.228 -

0.226 A

0.224 -

0.222

0.220 A

0.218 -

———————————

attice resu
B lattice resu

attice resu
I lattice resu
attice resu
attice resu

tsforf,.(0), N, =2+1+1

ts for fx=/fr=, N, =2+14+1

ts forf,.(0), N, =2+1
ts for fx=/fr=, N, =2+ 1

tsforNe,=2+ 1+ 1 combined
ts for N, =2 + 1 combined

B nuclear B decay, PDG 20
~ nuclear B decay, Hardy 20

0.955 0.960 0.965

Vud

1 It 1s important for other LOQCD results to be pushed to the same precision as FNAL/MILG
PACS-CS 1s getting there with N, =2 + 1 [Lattice2023, 2311.16755] - we need more

0.970 0.975

0.980



p-decay - Prospects tor improving experimental precision

Q2P i s T e S e LR Girren Siensiansinel olyaldsaoneitsEpEvaluers* /o5 20 18 11707]
- Cirigliano, Crivellin, Hoferichter, Moulson _ K > Imeasurement dominated by Slngle experlment [ = e i )
e s 0O K 3/K , measurement @ 0.2% will add clarity — NA62 Mon. 16:40
0.226/ T : i 3
_ [V ,determination dominated by nuclear 0 — 0™ decays
O challenging to control nuclear structure corrections at 10™* precision
5 | Vi ~0 = 0.97367(11),(13) g2 )ns 321 111
Ny 0-224_- VO =0 = 0.97364(10),,,(12),,(22),(12)5,(43) guv(20)5¢ [56] 1 [2405.18464]
] Take best 7, and 4 = g4/g, measurement from n — pei
0.222. = Vi PG = 0.97441(3)A13) 55(82),(28),,[88 )01
TR = V” st _ 97413(3)(13)55(35),(20), [43],1.
2
- | (‘g - ] Realistic nuclear structure corrections larger than typically quoted
0.220% e L
0.960  0.965 0.970 0.975 e ..
@ 1 Realistic to expect neutron decay measurements can match precision
Vid of nuclear decays

[J one more measurement ot 7, and 4 that match best precision make
neutron decay extraction competitive

0 PIONEER Experiment will measure 7 — ev/n — uv and x4
allowing for independent V ;,and V, /V, , determinations 5



p-decay - Prospects for improving theoretical precision

(.20 i s s T S A Y el o [J SM predictions also need to be controlled at the O(0.2%) level
-Cirigliano, Crivellin, Hoferichter, Moulson -
e Al [ Significant recent progress in understanding QED corrections
0.996 | beginning with
2 [J Built upon previous extensive work by Czarnecki, Marciano, Sirlin
[ Seng, Gorchtein, Patel, Ramsey-Musolf, PRIL. 121 (2018) [1807.10197]
| [ Seng, Gorchtein, Ramsey-Mosolf, PRD 100 (2019) [1812.03352]
A . . .
= 0.224 ] Dispersive methods used to provide more careful treatment of the
= 3 St 1 Jw arising in f-decay ——= = -
CN wt fq g\ ’,f//:q
»> %8 é g
0.222 | & = B 7
| 0" - 0% 53:. _
_ 2 | O Inspired new LQCD calculations to determine non-perturbative
_ s (‘g { contributions to [
O e e e e o O Seng, Meissner PRL 122 (2019) [1903.07969]
R Lo VO'97O ehi l\@ O Feng, Gorchtein, Jin, Ma, Seng PRI 124 (2020) [2003.09798]
ud J

O Yoo, Bhattacharya, Gupta, Mondal, Yoon, PRD 108 (2023) [2305.03198]
O Ma, Feng, Gorchtein, Jin, Liu, Seng, Wang, Zhang PRL 132 (2024) [2308.16755]

[J Modern Eftective Field Theory Treatments

[ Ando, Fearing Gudkov, Kubodera, Myhrer, Nakamura, Sato PLLB 595 (2004) [nucl-th/0402100]
1 Cirigliano, deVries, Hayen, Mereghetti, Walker-Loud PRL 129 (2022) [2202.10439]
[ Cirigliano, Dekens, Mereghetti, Tomalak, PRD 108 (2023) [2306.03188] 10



NTNP (Nuclear Theory for New Physics)

Home science v people meetings v Code of Conduct f?&' A .é"'i" U.S. DEPARTMENT OF Offl Ce Of

EN ERGY Science

2 /5
&) N/
N PV
ATESO

https://a51.Ibl.gov/~ntnp/TC/

. [JWe are a new DOE Topical Collaboration
Nuclear Theory for New Physics

e About Us [J We are jointly funded by the Offices of
e Commitment to Diversity Nuclear and High Energy Physics
e Funding Acknowledgement

Nuclear Theory for New Physics

co-chairs: Vincenzo Cirigliano & Saori Pastore [J A main goals of our collaboration:

[Jimprove the theoretical understanding of

DEI Coordinator: Maria Piarulli [Jneutron p 'decay
[Jnuclear f-decay

EFT /
Lattice QCD phenomenology Nuclear Structure . .
. . : [J Expertise in
Coordinator: Coordinator: Coordinator:
Andre’ Walker-Loud Emanuele Mereghetti Heiko Hergert [J Phenomenology
[J Lattice QCD

] Eftective Field Theory
[J Many-body nuclear methods

‘ e @ e [J We are happy to collaborate with others
S [J Get in touch!

: TIME FORWARD TIME BACKWARD [ A - I— :
B decays and new particles T & CP violation and the Origin of Matter Neutrino 'Wlos & CP violation

1l
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G- vV, 2m5
Fn=F‘2+(1+3/IPDG)ﬁ)(1+Af)(1+A )

00 What are the radiative QED corrections, At ?

PDG
A 3

PDG °
3%

L1 What are the radiative QED corrections to Appg =

13



p-decay - QED corrections, Af,

= a “(1 4+ 34550) fo (1 + Ar) (1+A7D)

n Feng, Gorchtein, Jin, Ma, Seng PRL 124 (2020) [2003.09798]

; ] K  Seng, Feng, Gorchhtein, Jin, Meissner JHEP 10 (2020) [2009.00459]
i A My My ED A T
AV — — |31n L 1n | dg + 51({20 A5) VW K Ma, Feng, Gorchtein, Jin, Seng PRD 103 (2021) [2102.12048]
2T n, My, : 7 K Yoo, Bhattacharya, Gupta, Mondal, Yoon PRD 108 (2023) [2305.03198]
: 1 n  Ma, Feng, Gorchtein, Jin, Liu, Seng, Wang, Zhang PRI 132 (2024) [2308.16755]
) R 2 prva
le d m € . . |
V‘;x/ s4 q 14 4ol T/;;XV [J Challenging calculations — particularly for the neutron
g 2M3 . (27T)4 m%v = q2 (42)2 these are State-of-the-art LOQCD results
e e - : : ) . : :
T/;;y ¥ J d*xe'*(p(p, S) | T{ J;;m(x) IV 0)} [ n(p, S)) [ requires an integral over two-current insertions between ground-state
neutron and proton

S— [ many systematics need to be controlled
| M 24D, Aty A4=0.77fm, ,=0.58fm ] excited state contamination
7 € 32Dfine, At+At, =0.71fm, t,=0.57fm . : . 2 : -

0.0018- % Continuum extrapolation [ separation between perturbative/non-perturbative O contributions
Dispersive analysis D Continuum hmlt

3 00017 [J infinite volume limit
ds [] O 2308.16755 was performed @ mP™* !
5~ 0.0016- S

vootsl L 1 suspect the full systematic uncertainty is larger than currently quoted
i 0308. 16755 |[don’t let me take anything away from this very impressive work]|

000 001 002 003 004

a”[fm’] [J It will be great to see more LOQCD results to compare with

14



p-decay - QED corrections, Af,

Gf%l Vud‘zmes p) R
[, = =0+ 34ipa) fy (1 + A (1 + AY)

] It 1s worth considering a full LOCD+QED calculation of n — pev

(] This would be a challenging calculation
— but possible on the time scale of new neutron 7, and 4 = g,/g, measurements

(] If first-row CKM approaches 5-sigma tension, we should have 2 or more methods
] Look to muon g — 2 as an example —
] dispersion theory to determine hadronic vacuum polarization (HVP): = 46 tension
] LOCD determination of HVP: = 16 tension (not a LLOQCD consensus yet, but moving this way)

lattice —8&—
R-ratio —6—
BMWc’20 | —.— ] | SRR EEREREE
: he. This work HH This work HH
Moo (=t o Mainz19 T Hpe 28 - RBC '23 =
; = ' FHM 23
. 1ah FAM9 >, : ETM 22 : I 22 (B
ermila . - 1
resulf = ETM19 | = Maing 22 Mainz '22 HeH
RBC’18 | =) 1 Aubin 22 —fm— | | BMW 20 -
J | = i XQCD 2 H#eH| T T
: BMW'17 B— LOQCD consensus |5 T o
" precise LOGD  onuzio o~ ; ; : - L | oo o)
D KNT19 | o : | on pieces of calc |- T wor o
Averags 2 O 2 O : Benton 23 o
: ; T : ; CHHKS’19 O~ no new:physics 1 O 4 ere” & lattice v Tau
17.5 18.0 18.5 149.0 19.5 20.0 20.5 21.0 21.5 : : . . ! L1 12601 1 12641 1 IQ[I)SI L IQégl 1 IQ;I?,QI 1 Igéﬁl L
a;-' % 10..‘ e 1 165900 660 680 700 720 740 ab%;j{l\ép‘light % 1010 abgzjll\éP X 1010

1010 v alIIO-HVP



p-decay - QED corrections to Appg = g4 /gy

2 2 =5
r :M(H%z ) £ (1 + A (1 + AR)
n o PDG/J/0 f %
v/
R.,Sirlin,analytic __ R,other
A’PDG A /1"€Xp" = AA — /IQCD—iSO + AA
O Appg 18 determined with some QED corrections subtracted FIAG 2021 y=d
PDG EA
.« . . . i FLAG average for N,=2+1+1
d Additional QED corrections to gAPDG (Aﬁ")the’") do not impact ;: Catat 1S 9 1+
V 4 extraction — the (1 + AY}) cancels in ', and Appg | i Caltat 18
vl H—HH PNDME 16
0 Comparing LQCD calculations of gZ*"™*° to g, can - Bﬁ% %erage fort=2+1
constrain BSM right-handed currents " *ﬁ PR oA
N -l CD 18
—H 1+ | LQCD 18
O Previously, we thought Aﬁ’ome’” ~ 0(0.2%) b - . @SE %%ACD on
—TH— EHEF%H(@CD 08B
[ Potentially significant low-energy nucleon structure H_D: 0 Mainz 17
corrections may spoil this comparison, A" ~ O(2%) | R §§%§§%3
Cirigliano, de Vries, Hayen, Mereghetti, Walker-Loud z HTE_H.—. | 5@%‘569156
PRL 129 (2022) [2202.10439] g B S—T e
LL]

09 1.0 1.1 1.2 1.3 1.4



0.228

0 While QED corrections to Appg
do not directly impact V,,

0.226

-2 0.224

d Global analysis of first-row |
CKM constraints e

including collider constraints, ., e arar s

.960 0.965

0.970

favors BSM Right-handed currents Vaa

Ciriglano, Dekens, de Vries, Mereghetti, Tong,
JHEP 03 (2024) [2311.00021]

see also:

Belfatto, Trifinopoulos, PRD 108 (2023) [2302.14097]

0.975

AAIC

C(V=A), X (V+A)y

20 [

VA
A (Cgua € Model
& Chug ¢ Model D {Csr, C -
ApYa RS8 = ‘o S More favored (by AIC)
g A O Rest of the models 1

: Standard Model

' Less favored (by AIC)

0.04| =
0.02} ;-'
40
3 A\ Number of Parameters
“>  0.00
we=1.0+01 T - ] . ;
! O If we can quantitatively understand QED corrections to Appg
002 Particularly 1n a correlated way with 1sospin symmetric LQCD results
— 0t =07 — v
----- WH, VS =14TeV . e . . :
ol o ppes J We can turn this into the most precise constraint on BSM Right-Handed currents
- —-0.04 -0.02 0.00 0.02 0.04 17

fud



Pion-induced radiative corrections to neutron beta-decay

Cirighano, de Vries, Hayen, Mereghetti & Walker-l.oud, PRL 129 (2022) [2202.10439]

] Systematic, EF1 treatment of neutron [3-deca I 2
y p-decay ab A EVea)l e
dE.dQ.dQ,  (2m)5

T'he parameters can be measured

Lelu, Le
It we want to connect them to Standard Model (SM) parameters
we need to start from a Lagrangian with parameters related to SM parameters

= NG s ealls pe (N (gvv, —2945,) TN

pion-less low-energy EF I (o — g — 2940487 (T - 3)V7+N>
2mN
A= 22 LM 7 (gha — §Y0) 7 N (60,0, Prv)
qv | oy v T €0, Prv
| wweakN[S“, SY17" N 8, (ey,Prv) | + ... (2)
myn i

Perform the calculation with SU(2) heavy-baryon Pl and match the results to this pion-less EF'1

whose parameters can be matched to experimentally measured quantities

R Rt A Tt

18



] Sub-set of O(50) diagrams

LO

d1)

cl)

b1)

i1)

h1)

c2)

a2)

19



Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghetti & Walker-Loud, PRL 129 (2022) [2202.10439]

[ Sub-set of O(50) diagrams

LO
photons
- P
plons al) p1)
pion electromagnetic }/ % %/
mass splitting % 2 \l* 7 = ' !
2 2 2 102 \ \ e o )
Wio— M =20 =7, ‘ . ! .
e o Ty f1) gl) hl) i1) * i1)
NLO

o
4

a2) b2) c2)

19



Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghetti & Walker-l.oud, PRL 129 (2022) [2202.10439]

] Sub-set of O(50) diagrams

LO
photons
: P
plOIlS al) bl)
pion electromagnetic / / %
mass splitting % 2 \l* 7 = ' !
2 2 2 112 \ \ L o g
Wi —Nn =28 4 -2 ‘ . :
LT 70 T f1) gl) hl) 1) * 1)
: NLO
NOTE: at this order, we /
also include QED, mg-m, \J \\[ \
corrections to M-M,, . ] ) i 0

[J1so-vector contributions to M,-M,, vanish from symmetry constraints for 7+ current

[J1so-scalar contributions do not vanish - but the sum ot all of them does vanish through NLO
19



Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghetti & Walker-l.oud, PRL 129 (2022) [2202.10439]

O Matching  Appg = g9 (1+5gg = 2Re(€R)> o) = = (A(O) +AD  _ AO )

Vi A,em A,em V,em

0 _ A H 402 (o) (n) Q (n) W (n)
AA,em e Z]Z' 2 hl m2 1 gA + CA(:M) O et gV/A =S E_2 AV/A,X S % 5_0 A =5 ( AX ) nE:O A

V/A,em V/A,om
Azem = CUI Ayemm ~ OE) CNG iy =% pa=1
_ 3 9 _ TraeLL, explicit calculation:
Agl)m =/ZAmm_ | c; — 3 | gf(‘O)z 4 dnkF, (0),(1)
= i Smy  16my AA,5m =
Low-Energy-Constants (LECs) AS) 25 — ()
C4 v(u) - completely unknown 2

¢34 are estimated from literature (large)

Using Naive Dimensional Analysis (NDA) to estimate CGa(p) and ¢34 from the literature

51({’2 € {1426} -1072 an order of magnitude larger than previous estimates

20



Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghetti & Walker-l.oud, PRL 129 (2022) [2202.10439]

] Sub-set of O(50) diagrams
photons

plons

pion electromagnetic mass splitting

. /E/
M : 4
al) bi)

Be- == /,-’_\\ PE ~.
~ P ~ /
N N ’ \
" 4 \
\ N
’ ’ I
\ \
/ / \
X \
/ / \
\ \ P
I ] \
\ \ < L’
£
—@ o— o— P

g1) hi)

cl) d1) el)
l\\.,,'

*— |
II
/

i

\\\’—’,’
i1)

1)

2 et o (0
Mt — Moo = 2e°1' 2L,

7T::

gy 0 = g 2P0 + 5¥(a, Cy(p), - . )

S ETLL 261 107

[] seems to move gAQCD towards g™

. . (ﬂ)
O need LOQGD+QED calculation to determine 65

] requires caretul understanding of

(] renormalization

(] OLED gauge/scheme choice to handle IR/UV

- P /
- N i ~
i S 7’ ‘\ \
’ > 4 \ /
7 \ /7 \
! \ / \ ! i
\ \ 1
\ / \ \ :
/
S

b2) c2)

vd

Cy(p)

Low-Energy-Constants (LECs)

FLAG21
CalLatl9
PNDME18

PDG20
PERKEO3
UCNA

AQP(1 + 6pc) |

-eo—

1.271(30)
1.289(12)
1.242(40)

1.20 1.25

1.30 1.35

21



Status of LQCD results for gSCD—isosymmetric

1

=2

N

Ne=24+1

=2

EXpt N«

FLAG2021

FLAG average for N¢,=2+1+1
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Many groups obtain values ot ga fully
extrapolated to the physical point (green)
[0 physical pion mass

] continuum

0 infinite volume

CalLat results

ClGallzatlids e =27 3) 5 k00

0 Callat 19: g, = 1.2642(93) 0.74%
d Callat 24/25: ~0.5% ?

Experiment:
@ pg ki = 1.27540(130)
O |gPERKEO-IT = 1.27641(046)

In order to take advantage ot these precise
results — we must determine QED

corrections to g,! 22
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O The a12m130 (4838 x 64 x 20) with 3 sources cost as much as all other ensembles combined
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O Now, 32 srcs (un-constrained, 3-state fit)

O We generated a new a15m135XL (483 x 64) ensemble (old a1 5m130 IS 323x 48)
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California Lattice
Collaboration

O The a12m130 (4838 x 64 x 20) with 3 sources cost as much as-all other'ensembles combined

2.5 weekends on Sierra — 16 srcs
O Now, 32 srcs (un-constrained, 3-state fit)

O We generated a new a15m135XL (483 x 64) ens

OMzL = 4.93 (old MzL = 3.2)
DLS —_— 24 Nsrc —_ 16

bleA0ld a15m130 is 323 x 48)

O We have 2 additional pion masses (180, 260) and a 4th finer lattice spacing, a=0.06fm @ M=z = 220, 310 MeV

O We anticipate improving ga to ~0.5% — we need to address the radiative QED correction to make this useful =



Sub-percent determination of gECD‘ls"Symmﬁtﬂc

[0 At sub-percent precision — we have to worry about

non-monotonic finite volume corrections to g,

/.. Hall, D. Petkou, A.S. Meyer, R. Briceno, M.A. Clark, M. Hoferichter, k. Mereghetti, H. Monge-Camacho, C. Morningstar,
A. Nicholson, P. Vranas, A. Walker-L.oud — In preparation

1.20 1.28 A

1 N
1.24] 1.24 - “ I a=0.086fm
1.27
S I 1.22- ek
1.25 1
1.16 -
1.20- ROGCD -2305.04717
123 i 1805.12130] T CalLat - unpublished 1124 mMz~280—290 MeV
0.000 e N e e e 0.000  0.001 0002 0003 0004 0005  0.006 0.000 0.005 0.010 0.015 0.020 0.025
e /(mnL)'/2 e~™rt /(mxL)'? e ™oL (myL)""
[J Sign change versus m_ 1s expected from baryon yP'l
e
O Current strategy of most groups: L 84D} = 8a+6 (4ﬂ;ﬂ)2 s fit ¢, at heavy m_, apply to all
: ] m3 e—mﬂL
[0 We need to add sub-leading FV corrections +c¢,—= o

(4nF,)>? m_L

[0 and simultaneously understand discretization errors...



Summary & Outlook

0.228

(] Interesting = 30 tension 1n the first row CGKM unitarity L
5 0.224
] Experimental prospects to

O Improve the precision of K, (currently dominated by single experiment) and determine K 3/K

— Al 0.220.

0.222:

O Improve V,/V , and determine V , from 7™ decays — PIONEER St Sea e ijm —
[J Improve measurements of neutron lifetime and axial coupling to get competitive precision on V _, as compared to
superallowed nuclear decay

[ In order to take advantage ot the anticipated experimental precision — we need to provide SM theory prediction with
0O(0.2%) uncertainty
d We need more LLOQCD calculations of K,; — both pure OCD and OCD+OED

d Requires understanding radiative O corrections down to O(0.2%)
O Exating new LOCD determinations of electroweak [y, contribution to pion, kaon and now nucleon

Agrees with previous (and recent) dispersive determinations

1 BSM Right-Handed currents provide more statistically tavored solutions to GKM unitarity tension
O LOCD calculations of g, can be compared with dppg = g4 "/gy°° to constrain right-handed currents

[J Unexpected O(2%) OLD correction to g4 spoils this comparison
1 Need LOCD+OLED calculation to determine it 25







