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Beta decays: a trove of discoveries

© Then the EW theory and the SM came...

® Next?
o Beta decay = precision field (TH + EXP)
© SM: nuclear physics, hadronic physics (ga), particle physics (Vua).
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@ Theoretical framework?

ffective Field Theories
“the same old approac

® Specific NP model v




Which EFT?

© How to compare different nuclear beta decays? — b (Cseve — Clhevsie)
+ pyHn (Cveyuve — Cyeyuysve)

- Effective Lagrangian at the hadron level! .
+ 5130‘“’71 (Créou,ve — CpeoYsve)
- ﬁ7N75n (CAéfYM’)%Ve - 0546’7},6]/6)
+ pysn (Cpéysve — Cpév,) + h.c.

© How to compare with e.g. pion decays? [Lee & Yang'1956]
- Effective Lagrangian at the quark level!

© How to compare with LHC experiments?
- Effective Lagrangian at the quark level at the EW scale!




Which EFT? kbi

® How to compare different nuclear beta decays?

5 . . '
Effective Lagrangian at the hadron level! [Lee & Yang’ 19 56]
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Which EFT? kbi

® How to compare different nuclear beta decays?
- Effective Lagrangian at the hadron level!

[Lee & Yang 1956]
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For some transitions and observables:

O %f(Cl) + small corrections o o
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Current data

Precision:
0(oc.01 - 1Y% !

[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021)

Fermi or Gramow-Teller

Nuclear dacajs

A

Ft (or—o

Ft s

values

3075.7 £ 4.4
3070.2+£1.9
3076.2 £ 7.0
30724+ 1.1
3075.4 £5.7
3071.6 £1.8
3075.1 £ 3.1
3072.9 £ 2.0
3077.8 £6.2
3071.7 £ 2.0
3074.3 £2.0
3071.1 £1.6
3070.4 £ 2.5
3072.4 £6.7

3077 £ 11

[Hardy-Towner'2020]

Correlation coefficients

Parent Parameter Value

Type

SHe
32Ar
38mK

GOCO

T/
F/p*
F/g+

GT/p~

57Cu GT/B~

14y, GT/8~
140/10C F-QT/g+
26A1/39p  PLGT/G+

—0.3308(30)™
0.9989(65

Pr/Pgr
Pr /Py

+ some updates

Neuktron dakta

Observable Value S factor
2.2

1.2

878.64(59

)
)
)
)
)
)

S = (Xmin/dof )12

Latest data:

Perkeo-III, PRL122 (R019): An
aSPECT, PRC101 (2020): an
aCORN, PRC103 (2021): an
UCNt, PRL127 (2021): Tn
UCNt (2409.05560)*: tn



Precision:
0(oc.01 - 1Y% !

[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021)
+ some updates

Current data {(+ TH!!

Fermi or Gramow-Teller

Nuclear decajs

A

Correlation coefficients

Ft (0> 0") values Neubron daka

Ft s
3075.7 £ 4.4
3070.2+ 1.9
3076.2+ 7.0
30724+ 1.1
3075.4 £ 5.7
3071.6 = 1.8
3075.1 £ 3.1
3072.9 + 2.0

Value
—0.3308(30)™
0.9989(65

Parent Parameter
SHe
32 AI“
38mK

GOCO

Type
GT/5~

F/B*

F/3*
GT/B~
57Cu GT/B~
4 GT/p~
1“o/oc F-GT/BT

Observable Value

878.64(59

S factor
2.2
1.2

)
)
)
)
)
)

Pr/Pgr

3077.8 £6.2
3071.7 £ 2.0
3074.3 £2.0
3071.1 £1.6
3070.4 £ 2.5
3072.4 £6.7

3077 £ 11

26A1/30P  F-GT/B+

Pr /Py

S = (Xmin/dof )12

Latest data:

Perkeo-III, PRL122 (R019): An
aSPECT, PRC101 (2020): an
aCORN, PRC103 (2021): an

UCNvw, PRL127 (2021): T

[Hardy-Towner'2020] UCNt (2409.05560)*: Ty

Th: QED + Isospin symmetry breaking corrections

Fti = fti (14 85) (1 + Sns — 8¢)

Recent: nuclear structure-dep. corrections (NOW DOMINANT ERROR)
[Seng, Gorchtein, & Ramsey-Musolf, PRD100 (2019)] [Gorchtein, PRL123 (2019)]
[Also: Cirigliano et al. (PRL133, 2024), Gennari et al. (2405.19281), ...]




What about mirror beta decays?

o P transitions between isobaric analog states in T = 1/2 isospin doublets
(Nuclei with p < n)
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® P transitions between isobaric analog states in T = 1/2 isospin doublets
(Nuclei with p < n)

© Many per-mil level determinations of the Ft values! (Exp + Th)
[e.8. Severijns et al, PRC78 (2008)]

_ Ci Mgr
-G Mg

(1 + corrections)

® Mgt/ MF ratio needed: O~f <C-, @) ~ f(C. p) P
l MF l

© We need 2 observables per transition (Ft value + correlation);
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© We need 2 observables per transition (Ft value + correlation);

© SM analysis: [Naviliat-Cuncic & Severijns, PRL102 (2009)]
Vud can be extracted with 0.1% precision!
Although (currently) not competitive, it's a nontrivial crosscheck;
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© Many per-mil level determinations of the Ft values! (Exp + Th)
[e.8. Severijns et al, PRC78 (2008)]

_ Ci Mgr
-G Mg

(1 + corrections)

® Mgt/ MF ratio needed: O~f <C-, @) ~ f(C. p) P
l MF l

© We need 2 observables per transition (Ft value + correlation);

© SM analysis: [Naviliat-Cuncic & Severijns, PRL102 (2009)]
Vud can be extracted with 0.1% precision!
Although (currently) not competitive, it's a nontrivial crosscheck;

© What about BSM? [Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021) 126] /

J

O

R 777



Current data {(+ TH!!

Precision:
0(o.01 - 1Y%

Fermi or Gamow-~-Teller
Nuclear decajs

Ft (o> 0") values

Correlation coefficients

[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021)
+ some updates

Neubtrown daka

Parent Ft [s]
100 3075.7 + 4.4 (Paront Ty/po Parameter Value ) Observable Value S factor
140y 3070.2 + 1.9 "He GT/B~ a —0. 33( (30)* :
879.75(76 1.9
2)\[g 3076.2 4 7.0 32 A7 F/p* a 0.9989(65) T”k(S) . 5(76)
26m A | 3072.4 + 1.1 38771K F/7>+ a 9()61( 18> A~n 0.1195 (21) 1.2
2681 3075.4 5.7 60 Co GT/B~ A —1.014(20) B, 0.9805(30)
MOl 30716+ 1.8 67Cu GT/B~ A 0.587(14) AAB b 2680(47)
HAr 30751 4311 L4y GT/B~ A —0.994(14) an 10426(82)
BMK 3072.9 + 2.0 0.9996(37) 7 0¢
FCa 30778 6.2 Parent Ft [s] Correlation 1.0030 (40) Qn —0.1090(41)

8¢ 30717 +2. .
1y 3074.3 £ 2.0 F22024(2.7)

Co  3070.4 4+ 2.5 R
623 3072.4 + 6. Ao

AR 1 : 7 .
Rb 3077+ 1 21N, 4071(4

A = 0.960(82)
Ag = —0.0391(14

)
PP 4764.6(7.9)
BAr 5688.6(7.2)

)

3TK  4605.4(8.2

Mirror Erawnsitions

Lakest data:

Fenker et al., PRL120 (2018): Axk-zv
Combs et al., 2009.13700: Ane-19

Hayen, PRD103 (2021): fa/fv values
Severijns et al., PRC107 (2023)*

*ik appeared after our work



Standard Model fit:

[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021) 126
+ updates]



v2CY —1.25754(39)
oF —1.2955(13)
e | | 1.60157(75)
e | | —0.7127(11)
1 op —0.5380(21)
o —0.2834(25)
\ ok 0.5787(20)
— e —
Mgt
p~ —1.2757 My

Impressive
Preaismnf

| [ 0205 \ [ 0.98576(22) .

— Ci = 0.98576(22) G/4/2

Correlation
matrix

1. -0.27 0.36 -0.63 0.41 ©0.26 0.33 -0.23
-0.1 0.17 -0.11 -0.07 -0.09 0.06

1.

1.

-0.23 0.15 0.09 0.12 -0.08
1. -0.26 -0.17 -0.21 0.15
- 1. 0.11 0.14 -0.1
- - 1. 0.09 -0.06
- - - 1. -0.08
- - - - 1.
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SM fit

»
V=
|

|

[!U LI o, = — Chpy'neyy, — CEprtysney,uy
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gﬁpey =—Cyprineyy, — Ciprlysney,yy

d—uev

Via _
[ vzd ay*(1 —ys)d ey*(1 - ys)v,




ZLL ey = — CEPrney,v, — CLpytysney,y,

n—pev

Vud

Inner RCy

r Seng'20 . 'Cirigliano'23
0.0250} Seng'18 Shiells'20

T,

- MS06

0.0240] Ma'24
[ I CMS'19

1st latbice calculakion!
(PRL132 (2024 ) 19, 191901)
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SM fit

—

ZLL ey = — CEPrney,v, — CLpytysney,y,

n—pev

2+
v°Cy,

( QCz\f

| Via = 0.97382(24) | v
: FY ===yl = ysd ey'(1 = ys)v,
1 + A4 | v
g0 = g, R = 127572(42) |
oA + AY il

V4

1 R




ZLL ey = — CEPrney,v, — CLpytysney,y,

n—pev

Cy = —gvy/1+ A}

v
Ch = —UL;gAQl + A4 }

Vu _ -
’ ngf»uey - vzduy'u(l - }/S)d e}/ﬂ(l - yS)Ve

Axial charge
(pluyuysdin)

ga = 1.2642(93) CalLat, Nature'ls + update
ga = 1.2460(280) FLAG'21
NEW: ga = 1.2630(100) FLAG"24

Via = 0.97382(24) |

1+ A%
PDG _ R _ g
8870 = g [y = 12757242) l{

1 R

J

2% correction! - g, = 1.2507(74)
[Cirigliano et al, PRL'22]




SM fit

e ’ ‘ P
| / ’UQCV\ [ 0.98564(23) \ | | v b/‘”
/ 004 ~1.25700(44) [} | © W )
| pr ~1.2958(13) |} e
| one | | 1.60183(76)

pona | | —0.7129(11

pp —0.5383(

(

M. Gonzalez-Alonso EFT for g decays




[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021) 126
+ updates]

"Wealk EFT" (WEFT)

EFT With \)L [e.q. from SMEFT]
i ) — ]57”’7571, (@E’YMI/L e

»CLee—Yang — —ﬁv”‘n @é’YuVL +4
— pn (@éuL + &gorrn)

Good approximation for the
EFT with vi. & vr if the
couplings with vr are not large

SM + small +=¢sweeeth?



EFT with VI,

Liee—yang = =DV @é’YuVL +%

- - — _ = = E—— ==

S and T affect the angular distributions, the spectrum & the width!!

dr(J) pe-py [, me ) Ped e Py J
dE.d0.da, ~ ¢F) {1 g, (VB BT BT )E ]

b(B) =# C;'+# C;«_ Flerz term [1937]
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EFT with v,

Lice—Yang = —P7'n (@é%’/!l +W) Py sn (@6WV L — e )
— pn (@euL + gy ) — —pa’““’ (@eUWVL + Gy,

(G 0.98576(41)\ |
| Ch | _ [ —125740(54) | | 1. -0.63 0.81 0.71
Ce| | 0.0002(10) I
! C7 00005(12) S b e
| - ("‘ mxc. a&uos)
0.04f
ﬁ thv ]
0021 MLTTOTS |

AlLL doiiﬂog

~0.04} 1 Driven bj
i FE(O"?O>, Ty Ay\!

-0.04 -002 000 002 004
Cs/CY




EFT with VI,

pn (Cseve, — Chevysre)

CyF 0.98576(41)\ |

v + pyn (Cveyuve — Cyeyuse)
ci 0.0002(10) — Py vsn (Caéyuysve — Chevuve)
- T 0.0006(12) + pysn (Cpeysve — Cpeve) + h.c.

Ci+ =f(€i)

+ Y ey fTw- aI‘d5]
pol’

O

.




EFT with VI,

Cyt 0.98576(41)\ |

|| | -resmees) | LY
v + - ? 9
o 0.0002(10) | | n Vi
C 0.0006(12) :

PS: Combining with s—ulv one can access the NP contamination of V,; ("CKM unitarity test")
[e.g. Cirigliano, Diaz-Calderoén, Falkowski, MGA & Rodriguez-Sanchez, JHEP'22]



EFT with VI,

oh: 0.98576(41)\ | °
2 C% —1.25712(55) | | e N
Cs n @, V.4
e u

Nucleon
charges

(plal’d|n)




EFT with VI,

Cyt 0.98576(41)\ |
—1.25712(55) | |

/ Ved 0.97382(42)
er | | —0.012(12)
es | — | 0.0002(10) | |

—0.0004(12) ) |

Nucleon
charges
(plal’d|n)

FLAG'21

[Falkowski, MGA, Naviliat-Cuncic, JHEP'21; Cirigliano, Diaz-
Calderdn, Falkowski, MGA & Rodriguez-Sanchez, JHEP'22]




EFT with VI,

Cyt 0.98576(41)\ |
o | CH | | —1.25712(55) | §
v + - Y
C3 0.0002(10) ‘
| Ct 0.0006(12)

Ved 0.97382(42)
er | [ —0.012(12)
es | — | 0.0002(10) | |
—0.0004(12)/ |
****** — Nucleon
UPDATE with hew RC & FLAG'24: charges
gx = 0.005(5) (p|lul'd|n)
FLAG'21

[Falkowski, MGA, Naviliat-Cuncic, JHEP'21; Cirigliano, Diaz-
Calderdn, Falkowski, MGA & Rodriguez-Sanchez, JHEP'22]




EFT with v,

Cy 0.98576(41

] p
AN .
2 | Ck —1.25712(55) | | {éo
v + — , X B . N
o 0.0002(10) , n @ v
CF =

0.0006(12)

|
=

/ Ved 0.97382(42)
er | | —0.012(12)
es | — | 0.0002(10) | |

—0.0004(12) ) |

Nucleon
UPDATE with new RC & FLAG'24: 3.5x improvement in ¥ 3ears! charges

gr = =0.013(17)
[MGA & J. Martin-Camalich'16] ( p | I/_tr d | I”l)

FLAG'21

eg = 0.008(8)

[Falkowski, MGA, Naviliat-Cuncic, JHEP'21; Cirigliano, Diaz-
Calderdn, Falkowski, MGA & Rodriguez-Sanchez, JHEP'22]




EFT with VI,
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Going to higher energies...

SR
p
/

A

Vud

€R
€s

0.97382(42)\ |
~0.012(12) | |
0.0002(10) | |

—0.0004(12)/ |
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Matching to the SMEFT I (20

A
W ~ 10 TeV NP .. ‘
Tr) = elds, 1 nields
>ww< > < L(z) = £ (SM fields, bSM fields)

igN 1NN i
>va< >< Ty oY Lepr. = Lsm -I- — ZOAZ "SMEFT"

¢ 4 Y
>< >< Ed%e_wz_m;%/

~ GeV

J
P Lor =

M. Gonzalez-Alonso EFT for g decays

EL'y,,,l/ uytdr + Zepsé ['v- uI‘d5]
pdT




Low-E EFT

\ [Cirigliano, MGA, Jenkins’2010;
]t Cirigliano, MGA, Graesser '2012]

1122-1(1221) » |

A

(3
al(l)]

Reka cﬁecajs sewnsitive ko
o few EFT coefficients
abt bree-level

Opy = i(pTeDyp) (@rd) + hec.

Og’) =i(p! Do) (7y.0%q) +h.c.
W >\A"X/O< Oyl =ile! D" ) (b)) +he.

g - .
520 Oy, = i(¢TeDyp)(7y*e) + h.c.
; :> O = (Iv*o"1) @yu0"q)

Oy = (Tl,e)e®(Gyu) + h.c.

Of, = (lac" €)e™(Gpopwu) + h.c.




Low-E EFT

~(3 \
- 2[041(1 )]1122—%(1221) ;.

~(3)
]1j —2 [ alq

] 1758

Beka c&ecajs sensitive ko
a many EFT coefficients
ak Loop-—tevai.

[Dawid, Cirigliano & Dekens, JHEP'24]

. SO

- 1-loop SMEFT / WEFT RGEs known [Jenkins et al'13, Aebischer et al'17, Jenkins et al.'17, MGA et al.'17 ...]

- Multi-loop QCD RGE effects important for S, P, T operators [MGA, Martin Camalich & Mimouni'17]

L, = = e —— LT e i —— — =
/ /
£,’ €r 1 0 0 0 0 {
I'{ €R 0 1.0046 0 0 0 | Wiedq 1.19 0. 0. Wiedq
€s =|o0 0 1.72 ) 246 x 1075 —0.0242 wfe‘{" = 0. 1.20 —0.185 wfegu
€p 0 0 2.46 x 10~ 1.72 —0.0242 €p w® 0. —0.00381 0.959 w®
0 Ju—ngeyy \O 0 —217x1070 —217x107 0825 teau /(p=mz) teaw /(=1 TeV)




Low-E EFT

Matching to the SMEFT

o Comparison & combination with EWPO, NC processes, LHC data, etc.

® The CKM unitarity test is particularly interesting T @]
oo ] ¢q 11111
(tensions; only effect in the U(3)3 limit; very precise) ' CHARM | —80+180
T o0 APV 27 £ 19
[See also Cirigliano, Jenkins & MGA, E QWEAK | 7.0+12
NPB'10; Crivellin, Hoferichter & Manzari, E: PVDIS —8+12
PRL'21, Breso-Pla, Falkowski, MGA & O -004
Monsalvez-Pozo, JHEP'23; Dawid, SAMPLE | —8+45
Cirigliano & Dekens, JHEP'?4; ...] -00s} d; — uwfv | 0.38+0.28
LEP-2 35£22

-0.08 -0.06 -0.04 -0.02 0.00
-2
C}{%d [TCV]

(3)= Y/ I T |
Qirua = i(H'DuH) (@0 dy) + hic. Oyq =yt )(qy*T q)

[Cirigliano, Dekens, de Vries & [Falkowski, MGA & Mimouni,
Mereghetti, JHEP'24] JHEP'17]
® Scalar & tensor udev interactions: § decays vs LHC DY 00047 |
[Cirigliano, MGA & Graesser'13] B decays

[See also de Blas et al'l3, Greljo-Marzocca'l?, Allwincher et al.'22, ...] 0.002

es 0.000

( P 1y
. s S
- p p A
v ~ o -0.002 . 1 ‘ ‘
o —— ! LHC13 (pporev) [Falkowski et al, JHEP'R1]
" @,
. e J

' LHC-13 (pp»e*e’) | [Gupta et al.,, PRD'18]
\Y -0.004 - \ . . a
-0.004 -0.002 0.000 0.002 0.004
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[Falkowski, MGA, Naviliat-Cuncic, JHEP 04 (2021) 126]

EFT with vi & vr

»CLee—Yang — _p,.yﬂn @é’YMVL _l_@é’YNVR) — ]57“’7577/ (@EVNVL _@EVMVR)
BAS N 1—u1/ x AN
— pn (Cdlevr + Cslevr) — 5P0"n @GUWVL —|—@60WVR)

Back ko 195¢




EFT with vi & vr

Llee—yang = —0V'n (Cyévuvr + Cyevuvr) — v ysn (Ch ey — CLevuvr)

— pn (Cdevy, + Cyévg) — 5potn (Cfeowvr + Créo,vr)

(/ _ —
/ (_|_75) il .. .
| (. (0'98501(—11@\ v?|C7| < 0.053 | (r mixing ratios)
“ € C 1ontiiees jc . 0063
7 il E 11; A
o 0 v?|C5| < 0.050
« K—o.om()g*gg% v2|C;| € [0.072,0.099]
4 Y ] 4 I ‘ I ]
3 3 -
17 \M | 1_ \/X(%/ _
" 010 005 600 00 D10

8976 0980 0982 0984 0986
V’Cy V2Cr,
Mirrors are very
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EFT with vi & vr

Llee—yang = —0V'n (Cyévuvr + Cyevuvr) — v ysn (Ch ey — CLevuvr)

1
— pn (Cdevy, + Cyévg) — 5potn (Cfeowvr + Créo,vr)

(, p— = — —
x‘ (—|—75)
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EFT with vi, & vr

Llee—Yang = —DV'n (Cyéyuvr + Cyévuvr) — py'ysn (Cheyuvr — CRévuvr)
1
— pn (Cdevy, + Cyévg) — 5potn (Cfeowvr + Créo,vr)

| (+75) e

| o (0 93501 114)\ v?|Cy| < 0.053

e | 2544§+14§ V2|07 | < 0.063
¢k odos ] v?|C5| < 0.050

L Cy. K 0. 0010§+33§ ) v?|Cr | € [0.072,0.099]

3

|4 V.
cf = Vg Ur ARt et o). Op = gy [ AR (o +an),

Vud _ V -
ud, €l’ € (VWEFT) Ch = —ULQQA\/l—FAé(l-FGL—GR), Cy =U—29A\/1+AR(6L—6R),
%4 %4
C’lt = ,UigdgTeTv C’I" = ,UigdngT’
V, |4 -
C(SjL = /UigngGSa O§ = ULngSESU
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What about a dark decay?
[Fornal & Grinstein, PRL120 (2018)]
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Tp anomaly”
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5 370 bek the Lost 2 bobble poink A dark channel doesn't work either
: 370 bebtween the las ottle points... [Dubbers et al, PLB791 (2019):
Czarnecki-Marciano-Sirlin, PRL120 (2018)]
wWhat about a dark c\.ecwj?
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Tp anomaly”
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A dark channel doesn't work either
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Tp anomaly”
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Czarnecki-Marciano-Sirlin, PRL120 (2018)]

2
C

7, ~|Cyl? 1+3<—A>
Cy




Tp anomaly”
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PS: SM + BSM would alker this...
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And so much more...

@ EFT at NLO 1n recoil [Falkowski, MGA, Palavric & Rodriguez-Sanchez, JHEP'24]

® First bound on pseudoscalar interactions from 3 decays:

LT e
{

0.97351(48)

|
ﬂ (o83 0.98540(48)
| Vv
! ch —1.25822(81) €s —0.0005(12) MM
2 or | =] —0.000612) - er | = | 0.0000(17) C, = ¥ e = 346(9e,
(@23 0.0009(16) €R —0.010(11) | | m, + my
ch —6.4(4.3) €p —0.018(13) [MGA & Camalich, PRL'14]

" = N - e e
‘L £® > —EZA; [%VL] d,|po**n| - Ci =3.5(1.0)/v? ]5‘,

First extraction of nucleon
weak-magnetism from data!
[OK with CVC prediction: ~4.6]

L

© CPV in B decay [Falkowski & Rodriguez-Sanchez, EPJC'22]
o Interplay with EDMs (huge fine tunning)

o FSI effects give you access to CP-conserving NP!
(ongoing exp. efforts, e.g. MORA)

dT
dE,dQ,dQ,

<J> : (pexpy) }

=FE) 1+..+D
JE,E,

® Operators with v, & v: (— interplay with neutrino oscillations) [Falkowski, MGA, Tabrizi, JHEP'19]




Conclusions .

© (Sub) permil-level precision in 3 decays (exp + th)
— some internal tensions lead to inflated errors...

o Great laboratory for nuclear, hadronic and particle physics

e Progress in many fronts:

Experiments! 3 onal I [1 ]{
Lattlce QCD; i 0.973F  o'50° Neutron
Rad. corrections.

- e

@ ®@ ®©® ©® ® @

Nuclear-structure dependent corrections. | NUPHOD LRPE0R4
Inclusion of new data (mirror decays); 0.004F ——T
WEFT, SMEFT, RH v, RGEs, recoil effects, LHC, ... ] - pseons

€s 0.000f--------A--- 3 ..........

-0.002 :
i LHC-13 (pp-ev)
1 LHC-13 (pp-e*eT)

-0.004L ‘ A ‘ 3
-0.004 -0.002 0.000 0.002 0.004
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Probing scalar/tensor interactions

| a@ |
dE.d2.dS2, 5 |
k - | 7 ~ I b(B) == #C;_+# C;

(Filerz term)

v Direct effect in the spectrum:
(or in an asymmetry)

amangement | amangement
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Il
—
_I_
S
&}
e
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Observed direction
in

armangoment

v Indirect effect in the Ft-values & neutron lifetime:
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EFT with v,
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EFT with vi, & vr

Llee—Yang = —DV'n (Cyéyuvr + Cyévuvr) — py'ysn (Cheyuvr — CRévuvr)
1
— pn (Cdevy, + Cyévg) — 5potn (Cfeowvr + Créo,vr)
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Beta decays & tlavor

[Cirigliano, Diaz-Calderon, Falkowski, MGA & Rodriguez-Sanchez,
© SM limit: JHEPO4 (2022) 152]

-s inclusiver F——————

-Kv/T-mvE

Komvr —e—
Kopvirtspve
K-pvr
B Neutronr
B Superallowed - Cablbbo ——e—
anomaly
0.218 0.220 0.222 0.224 0.226 0.228

Vis
Vv

uD
A>3, Y

© BSM turned on => These processes do not probe the same quantity: D=d,s t=e it {
(1+e") EruPrwg - iy'(1 = y5)D
+ei E1, Py - (1 + 75)D

® Beta decays — udev
® Pion decays — udev & udpv

© Kaon decays — usev & uspv +eP? %E%PLIJ{, - ii6*(1 — y5)D

® — -
Tau decays — udtv & ustv el PP, D

® Cross-correlations due to CKM, FFs, and lepton-universal RH currents (SMEFT) —ep EP; - ﬁ}’sD} +he

e

NEW: Lattice calculation! ETMC, PRL132 (2024): R©/V2, = 3.407(22),, — V,,, = 0.2189(7),,(18),., o T(r > Xuery)
in perfect agreement with the OPE-based extraction plotted above: V,,; = 0.2184(11),,(18),,, Rys = (1 every)




Beta decays & tlavor

Nuclear
dooay ( Vis = Vs (1 + €7 + €3) \ / 0-22306(56) [0
(72

Kaons 6%56 = edLe + li/ﬁef 2.2(8.6) -3

€k —3.3(8.2) _3

€5 3.0(9.9) 4

Tad €p 1.3(3.4) _6

€ —0.4(1.1) _3

e 0.8(2.2) _3

€R 0.2(5.0) -2

€p —0.3(2.0) -5

dufe  du ™2 x 10"

e — EP“m#(muimd) —0.5(1.8) -2

€5 —2.6(4.4) —4

€p —0.6(4.1) ~3

ZT*; 0.2(2.2) —2

Vip e’ 0.1(1.9) —2

ZwEFT D — 2 Z > el 9.2(8.6) -3

D=dst=epz ¥ b

T rmat & 1.9(4.5) )

(14+€/7) &y,Pry, - y*(1 = y5)D e /¢ — e it 0.0(1.0) -1
+ep 21,P Ly, - iy (1 + y5)D €57/ +0.08(1)eg — 0.38¢5 + 0.40(13)é57 \ —07(5.2) / \ -2 )

1
+e§)fzfaWPva - io"™(1 —y5)D
+el" ¢Pw, - D

—ebiepPy, - ﬁy5D} + hc

[Cirigliano, Diaz-Calderon, Falkowski, MGA & Rodriguez-Sanchez,
JHEPO4 (2022) 152]

Most complete information to date about CC interactions

between light quarks & leptons

- Large correlations!

- 30 preference for NP




Beta decays & tlavor

[Cirigliano, Diaz-Calderon, Falkowski, MGA & Rodriguez-Sanchez,
JHEPO4 (2022) 152]

© SM limit:
s inclusiver F———i -s inclusive - . |
-KV/T-mvr >KV/T>v L \d

Korivr K-rivr —e—i

K- uvim—spuv Kouvim-puvt e
Kopvr Ko-pvp

B Neutronr Cablbbo B Neutront I g J
BB Superallowed ——A
B Superallowed - ——
anomaly
44 o

0.218 0.220 0.222 0.224 0.226 0.228 0218 0220 0222 0224 0226 0228

V
us Vus
€r = —5.9 x 10_3, .
. — —1.8x 1072, |
@ 1 operator at a time: el x 10° | esg x 10° | €} x 10° | € x 10° | ¥ x 10° | e x 10
[107-3 units] L | -0.79(25) -0.6(1.2) 0.40(87) | 0.5(1.2) | 5.0(2.5) | -18.2(6.2)
R| -0.62(25) 5.2(17) | -0.62(25) | -5.2(1.7) | -0.62(25) | -5.2(1.7)
S| 1.40(65) -1.6(3.2) X -0.51(43) | -6(16) | -270(100)
P || 0.00018(17) | -0.00044(36) | -0.015(32) | -0.032(64) | 1.7(2.5) | 10.4(5.5)
T 0.29(82) 0.035(70) X 2(18) 28(10) -55(27)

@ Models:

Belfatto et al 1906.02714 Kirk 2008.03261 Belfatto Berezhiani 2103.05549 Branco et al 2103.134009, ...




