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* Introduction: beta decays in the SM and beyond

* The "Cabibbo angle anomaly”

e Scrutinize the SM prediction: radiative corrections to neutron decay in EFT

e Study the implications for new physics: connection to other probes (Z pole, LHC, ...)

e Conclusions and outlook



* Beta decays have played a central role in the development of the Standard Model

* Nowadays: precision measurements provide a tool to challenge the SM & probe possible new physics




* Inthe SM, mediated by W exchange = only “V-A”; Cabibbo universality; lepton universality
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* Inthe SM, mediated by W exchange = only “V-A”; Cabibbo universality; lepton universality
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* Inthe SM, mediated by W exchange = only “V-A”; Cabibbo universality; lepton universality
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Ten effective couplings '=L RS PT

* Precision of 0.1-0.01% probes A > [0 TeV. Several precision tests are possible....
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Measure differential decay distributions (mostly sensitive to €s,7)

Ee

Lee-Yang, 1956

b (gs€s, gTET):
distortion of beta spectrum

See talk by G. King

-

T o F(E,) {1 b b

Neutron Spin

Electron Proton

Neutrino

Jackson-Treiman-Wyld 1957

a(ga), Alga), B(ga ga€a), ...
isolated via suitable experimental asymmetries

Bounds on €s1at the 0.1% level, A~5-10TeV



ExtractV,s=cosBc and V.s=sinB¢ from total decay rates
2 2 2
['=G% % |Vi;|* X |Mpaal® x (1 4+ Ag) X Fiy

R D N

Hadronic matrix Radiative corrections:
CKM element
element (a/T)~ 2.X 10-3 and smaller effects




ExtractV,s=cosBc and V.s=sinB¢ from total decay rates
2 2 2
['=G% X |Vi;|" X |[Mpaq|® X (1 + Ag) X Fiin

CKM element Hadronic matrix Radiative corrections:

element (a/T)~ 2.X 10-3 and smaller effects

Ackm = Wud|2 T \Vus\z + \Vub\z —1=0

Unitarity test



Vig 0" =0 n— pev

. 0 T — UV
(™ — 7T eV) | (Mirror transitions)

(Hadronic
T decays)

Vis K—mxlv (A 9]?6\_/,...) K — uv

Quark current Y, V. A A

mediating the decay

Ve

Input from many experiments and many theory papers
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V.. 0" —=0° n— pev

(™ — 7T eV) | (Mirror transitions)

(Hadronic
T decays)

Vis K—mxlv (A— pm—/,...) K — uv

Commentl: Modern approaches to rad. corr. build upon Sirlin current algebra formulation from the '60 & “70s
New wave of “inner” radiative corrections (n, nuclei) initiated by dispersive analysis of Seng, Gorchtein, Patel,
Ramsey-Musolf 2018, all the way to very recent lattice QCD calculation by Ma et al,2308.16755
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Wy 45t See talk by Chien Yeah

. . Seng for status of
0"—0" _ g
|

Hardy-Towner, PRC 2020
Seng et al. 1812.03352

Gorchtein 1812.04229
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(T™ — 7T eV) | (Mirror transitions) (Hadronic
T decays)
Vis K—=mxlv (A — pev,...) K — uv

Comment 2: neutron decay is beginning to provide very competitive OVyq

ud

VPt = 0.97413(3) 1(13)0,(35)4(20)r, [43Tiotal |—

Most precise

measurements
Maerkish et al, Gonzalez et al,
1812.04666 2106.10375
T
A= 0a/9v "



' = G%v X H/ij‘Q X ‘Mhad‘z X (1 + AR) X Fiin

VC-Crivellin-Hoferichter-Moulson 2208.11707
O 228 [and refs therein, including FLAG21]

Ackm = IVudl? + [Vysl? - 1

0.226"
- e The ‘anomalies’:

e ~30 effect in global fit (Ackm= —1.48(53) X 10-3)

v |
1> 0.224; * VudandV,s from different processes — different Ackm

e ~30 problem in meson sector (KI2 vs Ki3)

0.222}

0+ — 0*+(0.031%)
Neutron (0.043%)
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' = G%v X H/ij‘z X ‘Mhad‘z X (1 + AR) X Fiin

VC-Crivellin-Hoferichter-Moulson 2208.11707

0.228 . [andresthereln including FLAG2] e Expected experimental improvements:

L] =

* possibly new Ku3/Ky2 BR measurement at NA62 & HIKE

0.226}

Vs 0_224'_ * Further theoretical scrutiny

e [attice gauge theory: K— 1T vector f.f., rad. corr. for KI3

* EFT for neutron and nuclei, with goal 0Ar~ 2X 104

0.222}

0+ — 0*+(0.031%)
Neutron (0.043%)

 Possible BSM explanations: EFT & specific models
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' = G%v X H/ij‘z X ‘Mhad‘z X (1 + AR) X Fiin

VC-Crivellin-Hoferichter-Moulson 2208.11707

0.228 . [andresthereln including FLAG2] e Expected experimental improvements:

L] =

* possibly new Ku3/Ky2 BR measurement at NA62 & HIKE

0.226}

Vs 0_224'_ * Further theoretical scrutiny

e [attice gauge theory: K— 1T vector f.f., rad. corr. for KI3

* EFT for neutron and nuclei, with goal 0Ar~ 2X 104

0.222}

0+ — 0*+(0.031%)
Neutron (0.043%)
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e Possible BSM explanations: EFT & specific models




Radiative corrections to neutron beta decay in EFT

VG, J. deVries, L. Hayen, E. Mereghetti, A.Walker-Loud 2202.10439, PRL
VC, W. Dekens, E. Mereghetti, O.Tomalak, 2306.03138, PRD



* Widely separated mass scales play a role in neutron decay & EFT approach not fully embraced in the literature

M W.Z Weak scale

Ay ~my ~A4Ank, ~ 1 GeV XSB & nucleon mass scale

m, ~ 140 MeV Pion mass / hadronic structure
ext ™~ MMy — My ™~ M 7 1 MeV Q value

 Small ratios appear as expansion parameters and arguments of logarithms

tw = AX/MW ~ 10_2 Ex = mﬂ'/AX ~ 0.1 €recoil — Qext/Ax ~ 10_3 et C}5/71' & — Qext/mw ~ 10—2

* At the required precision (~10-4), need to keep terms of O(Gra), O(Gragy), along with
leading logarithms (LL~ (a In(€))") and next-to-leading logarithms (NLL ~ a (as In(ew))", a (a In(g))")

|3



e Matching and running in a tower of EFTs: SM — LEFT — HBChPT — TEFT

Standard Model

l Perturbative matching

LEFT LL, NLL, aas running

l Non-perturbative matching

Baryon ChPT LL, NLL, running

l Integrate out
pions

Ny
(~GeV)

VC, W. Dekens, E. Mereghetti, O.Tomalak, 2306.03138

Jext, Me



 Convenient starting point for decay rate calculation is an effective theory with nucleons, leptons and photons

gv and ga themselves

__ > \ +
Ly = —V2GpVia &y, Prve N (gyv, —2gaS,) 7PN 4 ... dependon a ew. ey,
en (consistently with the
decoupling theorem)
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 Convenient starting point for decay rate calculation is an effective theory with nucleons, leptons and photons

gv and ga themselves

__ > \ +
Ly = —V2GpVia &y, Prve N (gyv, —2gaS,) 7PN 4 ... dependon a ew. ey,
en (consistently with the
decoupling theorem)

QV(Ue) — U(/Lw/\x) 1+ Upaq - R U(AxaNW) Cﬁ(NW)

Non-perturbative contribution
NLL RGE in ChPT

. Wilson Coefficient
. PI’OPOI"tIOﬂ&' to the y-W NLL RGE in LEFT at [dw ~mw
and pion-less EFT ‘box’ [Seng et al. 1807.10197]




 Convenient starting point for decay rate calculation is an effective theory with nucleons, leptons and photons

gv and ga themselves

Ly = —ﬂGFVud eV rVe N (gvfuu — QQASM) TN + .. depend on aQ, ew, &y,

en (consistently with the
2 2,90

decoupling theorem)
A=galgv 'y, = 5 = (1 + 3)\2) - fo - (1 + Af) - (1 + AR),

Includes electromagnetic shift A¢: Coulomb corrections (photon loops with Ly )
to gvand ga from E > mp & O(€Erecoil)

A N

|5

Ar: proportional to (gv)2
X(I + O(a) virtual and real effects from L )




VG, J. de Vries, L. Hayen, E. Mereghetti, A.Walker-Loud 2202.10439

* (ga/gv) gets %-level corrections proportional to the pion EM mass splitting, 100x larger than previous estimate

- 2QCD FLAG21
A -1+ 5 CalLatl9
2\QCD RC | PNDME18

3 exp PDG20
PERKEO3

530 ~ (20 1 06)% UCNA

AQCD(] 4 6pp) Frt—— 1.271(30)
Large uncertainty due to unknown LEC that e 1.289(12)
could be determined by future lattice calculations | o——| 1.242(40)
120 125 130  1.35

Radiative corrections generally improve agreement between data and Lattice QCD

|6



VC, W. Dekens, E. Mereghetti, O. Tomalak, 2306.03138

_ G%|Vud\2m5

Iy S (1+3X) - fo-(1+Ay) - (1+Ag), A=galgv

A; = 3.573(5)%

?

S

Ap = 4.044(24)1ad(8) aa2 (T) ez (5) 1y [27)total X 1077
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VC, W. Dekens, E. Mereghetti, O. Tomalak, 2306.03138

G2 V4 ] 2m5
r, = CEVPE (g o (14 A)) (14 An). Ao
CORRECTION COMPARISON with LITERATURE** Mgl'?cg\ai\'?\lcé"f

Af — 3.573(5)% -0.035% NR vs relativistic Fermi function

Ap = 4,()44(27)% +0.06 1% a2 Log(mn/me)
Both related to the treatment of

__ +0.026%
ATOT 7'761(27)%' 0.026% NLL corrections in the hadronic EFT

** As compiled in VC,A. Crivellin, M. Hoferichter, M. Moulson, 2208.11707. Non-perturbative input in Ar is the same

Overall shift of -0.013% in Vu4 (neutron) compared to previous literature

|7




Implications for new physics

VC, A.Crivellin, M. Hoferichter, M. Moulson, 2208.11707, PLB
VC, W. Dekens, |.deVries, E. Mereghetti, T. Tong 2204.08440, PRD
VC, W. Dekens, |.deVries, E. Mereghetti, T.Tong, in preparation



To connect UV physics to beta decays, use EFT

(> TeV)

(~GeV)
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BSM dynamics

SM-EFT

SU(3)c x SU(2)wx U(l)y symmetry

_
Ay

Chiral EFT (N,Tr,...)

Many body QM

e Start with GeV scale effective Lagrangian

* New physics effects are encoded
in ten quark-level couplings

* Quark-level version of Lee-Yang
effective Lagrangian



VC, Gonzalez-Alonso, Jenkins 0908.1754, NPB

Lée =

VC, Graesser, Gonzalez-Alonso 1210.4553, JHEP

Leptonic interactions

G

(1) \ 5 —
/2 (1 +ep ) eV’ (1 —¥5)Ve - D yp(L —y5)10 + ..

Semi-leptonic interactions
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VC, Gonzalez-Alonso, Jenkins 0908.1754, NPB

Lée =

VC, Graesser, Gonzalez-Alonso 1210.4553, JHEP

Leptonic interactions

G(O) ) )
\/% (1 + e(L“)) ey’ (1 = s)Ve - Du (L =)0 + -
G%)Vud (1 _ 6(Lu)) Semi-leptonic interactions
{ 2 }
G}‘-’)h\[
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V2 |
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7|2 2

|Vud|z' — |Vud‘ (1 + E Ciafa)
o
7|2 2 § :
/ LT\
|
Channel-dependent, extracted Elements of the Known BSM effective
CKM elements unitary CKM matrix coefficients coupligs

=
|

Find set of €’s so that V4 and Vs bands meet on the unitarity circle
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e Right-handed currents (in the ‘ud’ and ‘us’ sectors)

IVUd‘g+_)O+ B ‘Vudlz (1 " ’ eR) 0.228
Val? o = V., 2(142¢ |
Vil e = WVaal (14260)

‘Vu8|%(e3 — ‘Vus|2 (1 + 2 65,;)) o |
I S 0.224_—
‘V'U'd\‘lzre:; = ‘Vud|2 (1 e 2 €R) _
0.222"
‘Vusl%{‘m = ‘Vus|2 (1 — 2(:'5;)) _
0.228

|Vud|72ru2 — ‘V‘ud|2 (1 — 2 €R)

Grossman-Passemar-Schacht
1911.07821 JHEP
Alioli et al 1703.04751, JHEP

........ ™
ER — ég)
(s)
€R
960 0.965 _0.970 0.975

Vud

e CKM elements from vector (axial) channels are shifted by |+cr (|-£R).
Vus/Vud , Vud and Vs shift in anti-correlated way, can resolve all tensions!
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VC-Crivellin-Hoferichter-Moulson 2208.11707

0.0000
| A(Cl’;(M — ‘Vuﬁd‘Q T ‘Vufgeg‘z — 1
| _ -3
-0.0005 | = —1.76(56) x 10
. | Acka = Vil + V=Pl =1
¥ ~0.0010! = —0.98(58) x 1073
| Abi = Vi ™ O + ViR -1
~0.0015¢ = —1.64(63) x 1072
: ——

-0.010 -0.005 0.000 0.005 0.01

AER = Eés) — ER
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1
VC-Crivellin-Hoferichter-Moulson 2208.11707 AEZI)(M = 2€g + 2Ae€pR V,,%S,
0.0000] AL = 26x - 20ex V2,
: 3
~0.0005 - AEI)(M = 2er + 2Aeg(2 - V)
@4 I
-0.0010 |
_0_0015:_ er = —0.69(27) X 10_3
_ - -3
-0.010 -0.005 0.000 0005 0.1 Aeg = =3.9(1.6) x 10

Aeg = Eg) — €R AR ~ 5-10TeV
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= Dep + 2Aep V2

(D
VC-Crivellin-Hoferichter-Moulson 2208.11707 ACKM

s>
0-00001 A = 2er — 2Aeg V2,
00005 ASI)(M = 2eg + 2A&(2 — V)
s
-0.0010/
0,001 55_ er = —0.69(27) x 107
0010 -0005 0000 0005 0.010 Aeg = —3.9(1.6) x 107
Aep = Eg) — €R Ar ~ 5-10 TeV
. Prefe.rred ranges are not in \EXP \ = g—é
zz:zltli;im;d}:)ﬂ:eé decays AQCD L one = 26 Orc =~ (2.0 £0.6)%
VC, Hayen, deVries, Mereghetti, Walker-Loud, eg = —0.2(1.2)%

2202.10439
23



= Dep + 2Aep V2

(D
VC-Crivellin-Hoferichter-Moulson 2208.11707 ACKM

000001 Acion = 26 — 2A& Vi,
~0.0005 | ASI)(M = 2eg + 2Aeg(2 — V7))
\Tf !
-0.0010
_0_0015:_ ER = —0.69(27) X 10_3
0.010 -0.005 0000 0.005 0.0 Aeg = =3.9(1.6) x 107

(s) _

A€r = €," — €g Ar ~ 5-10 TeV

* Does the R-handed current explanation survive after taking into account high energy data?

For other BSM explanations, see A. Crivellin
2207.02507 and references therein
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To connect UV physics to beta decays, use EFT

> < g BSM dynamics

(> TeV)

Vew ’ MW

(~GeV)

kF. M

—e

SU(3)c x SU(2)wx U(l)y symmetry

>< /i\ LEFT operators

SU(3)e x U(l)em symmetry

Y
9  awe

3 Y
. : . Many body QM

24

Need to know high-scale origin of the various €q



(~GeV)

kF. M

To connect UV physics to beta decays, use EFT

BSM dynamics

LEFT operators

SU3)e x U(l)em symmetry

Chiral EFT (N,Tr,...)

Many body QM

\.

24

Need to know high-scale origin of the various €q

|dentified by a matching calculation with the

SM-EFT at the weak scale



eLr originate from SU(2)xU(1)
invariant vertex corrections

Building blocks

_ vy i UZL C
() o= (i) 7

/

W_L-Whr mixing in Left-Right symmetric models

4 PN j )
Qi) = (H'iD[H)(gyr'v"q,)
Gauge
invariance
N dr,
4 )
\ %

Can be generated by

or by exchange of vector-like quarks

Dekens- Andreoli, de Vries, Mereghetti,

25

Oosterhof, 2107.10852

Belfatto-Berezhiani 2103.05549
Belfatto-Trifinopoulos 2302.14097



eLr originate from SU(2)xU(1)

invariant vertex corrections

d,
Quud = i(H'D,H)(u,y"d,)
P
QY. = (H'iD!H) (g7 v"q)
(8) _ &
ni = (HY%WD!H)(I,m' ")

26

&spT and one contribution to
eL arise from SU(2)xU(l) invariant

4-fermion operators

U;

Ve

Ogde = (Ze)(aq)-l-h.c.
Oy = (l—ae)eab(cjbu)—l-h.c.

O, = (1.0" €)™ (Gyo,u) + h.c.

Ol(qg) = [y,0°l gv"'o"q
Oll — l_’)/,ul l_’)/’ul




e \ " Owe = (e)(dg) +he.

Quud = i(H'D,H)(u,y"d,) O = (l.e)e®(Gyu) + h.c.
Q%) = (HYDLH)(g'v"q) OL = (l.o"e)e™(@oumu) + hoc.
m = (HY D LH) (I 2,) 0 = 17,0°l "o’
_ ) . Oy = Iyl 1"
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- * O = @) +he *
Qrua = i(H' D, H)(a,"d,) O = (Le)e®(Gu) + hc.
QY = (H'DLH) (g ") O = (o™ e)e™(Gy0mn) + hoc.
i = (HDLH){r',) OF) = Tyuo™l qy'o'q
_ ) 8 Oy = Iyl 1" )

LHC: pp = ev + X

Ex

o c c
ol o

%) T T T T T T 1 T T T I p—
‘S 107 ATLAS —\;V'(3TeV) e Data
w [s=13Tev.361fb" —W(@4Tev) W
O W oveclonton — W' (5TeV) 8 Top quark €a~103-104
' 1706.06786 CIZi*
[]Diboson

VC, Graesser, Gonzalez-Alonso
1210.4553
Alioli-Dekens-Girard-Mereghetti 1804.07407
Gupta et al. 1806.09006

s _ Boughezal-Mereghetti-Petriello
"‘-‘ 2106.05337
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= Iv,0% qy*olq
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L ) L Oll lﬁ/,ul lﬂ/ [

Can be probed at the LHC by associated Higgs + W production

S. Alioli, VC, W. Dekens, J. de Vries, E. Mereghetti 1703.04751

Current LHC results allow for to €Lr ~ 5%
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J
S
&

[

7, ) (ze)(EQ) h.C.
QHud = i(ﬁTDMH) (upy*d,) O = (lae)e®(gyu) + h.c.
H _ 7 v a —
Qgé = (HYD|H)(Gr'v"qr) qu = (l,0"e)e b(qba,“,u) + h.c.
(3) = - _
% &m = (H'WD/{H)(l,r"y"l,) Ol(s) = lvy,0% gy"0%

Contribute to Z-pole and other precision electroweak (EVWV) observables, including™ Mw
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Q Hud (HTD H)(up,vy*d,)
QWY = (H'iDLH)(gr vq,)
3
* % ;Ig = (HTZD LH) (L y*y)
y

>
<
> o
e
| <
p—O—of /
-20 0 20 40 60 80 100

29

Ogde = (Ze)(gq) h.c.

Olq = (l—ae)eab(tjbu) + h.c.
O, = (lao"e)e *(@po ) + h.c.
O(q Iv,0% gy olq

a4l Oll a lﬁ/,ul lﬁ/’ul

In fact, explanations of Mw anomaly in SMEFT (beyond
oblique corrections) are in tension with Ackm

Global fit to EWPO = A& = —(0.012 + 0.005)

deBlas et al 2204.04204,
Bagnaschi et al 2204.05260, ...

VC, Dekens, deVries, Mereghetti, Tong 2204.08440



* So we see that a consistent analysis of beta decays in the SM-EFT requires using data from

Operators contributing
to all three groups of
observables

EW

30 VC, W. Dekens, J. De Vries, E. Mereghetti, T. Tong, in preparation



e CLEWY analysis with no assumption about flavor symmetry requires 37 effective couplings

Do they all matter? No. Qrua = (H'D,H)(u,v"d,)
U o p T

* The best fit (with the lowest AIC = 2k - In(L)) is
given by just including the two RH CC vertex
corrections

* Next best fit is obtained by adding LH vertex
corrections which slightly improve the EWPO

e When including the CDF value of mw, best fit also W, Z,y v @ W, 2y

include oblique parameters (S,T) besides the RH
CC vertex correction

31 VC, W. Dekens, J. De Vries, E. Mereghetti, T. Tong, in preparation



* Two options (besides comparing ga from experiment and Lattice QCD)

e K —(Tm)=2 decay amplitude: experiment vs Lattice QCD >
e WH &W/Z production at the High Luminosity LHC

M 0.5/ I pp->W=Z
0.002 |-
137 fb~1, 13 TeV
0.4
N
s’ — SM
ER W Z W 30'3 — [Chugl1=0.7 Tev™? | . 0.000
W g 1 —— [CHugl12=0.8 Tev—2 i\_l"
£ S0z | [ cms E
% —— O
IS N
0.1 -0.002
7 ErR W\ /
0.0
8
2 6 -0.004
S 4
v 5. {
< 0 i | ! |
5_2: ‘ I P B B SR S B B |
160 200 300 600 3000 -0.005 -0.004 -0.003 -0.002 -0.001 0.000 0.001 0.002

M(WZ) (GeV) 26H d(1,1)
v ud(1,

32 VC, W. Dekens, J. De Vries, E. Mereghetti, T. Tong, in preparation



* The Cabibbo angle anomaly is one of few low-energy “cracks” in the SM, probing new physics up to
A~ 20TeV — big deal if confirmed, requires both experimental and theoretical scrutiny

Mw.z —_— — — -
* A new analysis of neutron beta decay through a tower of EFTs allowed us to NN >
o . A N U
reach NLL accuracy and revealed %-level corrections to ga/gv. ey | :
Future work: development of EFT for few nucleon systems & interface with nV e e 2.
ab-initio nuclear calculations B —
| LU AANL
T —
Collider:
* Most natural BSM explanations of Cabibbo anomaly are “right- C orelran

handed vertex corrections” in the EFT language

e CLEW framework is necessary for consistent analysis. RH CC

‘explanation’ of the Cabibbo anomaly survives CLEWed analysis Electroweak precision:
Z decays, W mass, ...

EW
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e Reu =1 (m—=ev)/l (M= uv) helicity - -
suppressed the SM (V-A), zero if me— 0 - O g

VC-Rosell 0707.3439

R, (SM) = 1.23524(015) < 10~ *

® Oexp~ 150w = pristine LFU test possible R.,,(Exp) — 1.23270(230) x 104

*

PIENU Coll.

4 )
Y O(p*) LECs

© fixed by charge radii
andmm—= vy
..........
T C




* Ry =1 (m—=ev)/(Tt— V) helicity
suppressed the SM (V-A), zero if me— 0

®  Oexp~ 150w = pristine LFU test possible

e PIONEER @ PSI will match theoretical
uncertainty. Order of magnitude gap —
room for surprises! Will probe scales  /Aa
~ 30TeV or Ap~ 1000 TeV (helicity!)
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VC-Rosell 0707.3439

R/, (SM) = 1.23524(015) x 10~ %
R./,.(Exp) = 1.23270(230) x 10~ *

—

PIENU Coll.

Current Expt. Avg.

Plot by
Joshua
Labounty

BRI NEER

Goal of PIOI\JEER Lo
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e General case

Vadlor 0+ = |Vaudl’ (1 +2(e7° +€r—€f )) + 5. (7) € )
‘V“dln—weu = |Vadl* (1 2 (e +€r — 62‘)) ek + cTegf)

‘VUS I%(e3

Vidl2y = [Vl (1 F2(e 4 en— e ))

¥ S s BO S
‘Vusli{”2 — ‘Vus‘z 14+2 (Gﬂﬂ( ) G%) _ G%")) _ QE €IF‘)IJ( ))
_ B
Vil = Wl? (1420 — en— ) - 22 et
7 0
£ss): shifts the slope of the scalar form factor, £7(): suppressed
at levels well below EXP and TH uncertainties by miept/mi
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VC, Dekens, deVries, Mereghetti, Tong 2204.08440

Explanations of Mw anomaly in SMEFT + Minimal Flavor Violation

-20

(beyond oblique corrections) are in tension with Ackm deBlas et al 2204.04204,
Bagnaschi et al 2204.05260, ...
SmZ, 5 SwCw | ® '
5~ =V 55— |2 CHWB | CHD + 2CH — Cy
m Sx — C
W w d
i S \ Shift to Gr
= < ‘ .
Z - Oblique
o : :
i II = corrections
VAN ' VAN
0 20 40 60 80 100

myy — mW (MeV)
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VC, Dekens, deVries, Mereghetti, Tong 2204.08440

* Explanations of Mw anomaly in SMEFT + Minimal Flavor Violation

(beyond oblique corrections) are in tension with Ackm deBlas et al 2204.04204,
Bagnaschi et al 2204.05260, ...

5777/‘2/[/ 2 SwCw | Cw Sw (3)
mé, - s2 —c2 _2CHWB 25, CHD_F@ (QCHZ _CH)_
' ' ' ' 4 )
3
| _ Acku = v |Ca =201
< .
Z = Ca =2 |C}) = Clpl + Cul
_ || = \_ /
! EL u
L
| . . e
20 0 20 40 60 80 100
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VG, J. de Vries, L. Hayen, E. Mereghetti, A.Walker-Loud 2202.10439

(galgv) gets %-level corrections proportional to the pion EM mass splitting, much larger than previous estimate

Hayen 2010.07262,
Gorchtein-Seng 2106.091:

X

Combination of unknown ChPT LECs

AT X A0 L AD o
% aos = Lt o (AL, + AL+ ...) | AR~ o)
|\\’/,'
mZ. —m2, = 2e*F2 7, Zr =~ 0.8 )
B -+ 39(0) . 1 (0)2 2 /
A0 — 7 ) = (log . 1) — g, | +C(p)
m7T
i 3 9
A(l) _ Zﬂ-4 - L | | (0)2
et o _C4 ©3 8mN 16mN gA
T

2
c34 are LECs from L”

They can be determined by analysis of pion-nucleon scattering
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VG, J. de Vries, L. Hayen, E. Mereghetti, A.Walker-Loud 2202.10439

* (ga/gv) gets %-level corrections proportional to the pion EM mass splitting, much larger than previous estimate

AT @ A0 L AW B
o = Lo (AL + AL +..) | AR~ 0
och . FLAG21
ﬁAg?I)l c {0.25,0.65} 1072 - poe {mn/2,my} A o] CalLat19
2T | : : PNDME18
Q0 _ c34 are LECs at NLO, PDG20
— AW = £1.15,1,70,1.85} - 1072 - | exp |
9 em 11.15, 1,70, h N2LO, N3LO A b PERKEO3
Siemens et al., UCNA
ﬁAggnH) c {1.4,2.5}-1072 1610.08978 P
o AQCD(1 4+ ) N 1.271(30)
ol 1.289(12)
i | 1.242(40)
Large NLO correction understood in terms of large LECs 150 E.'zs 130 135

~ y i ;
¢34~ > GeV-! dominated by A-exchange Radiative corrections generally improve

Convergence cannot be fully assessed due to unknown LEC agreement between data and Lattice QCD
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