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Talk strongly influenced by my various collaborations with V. Cirigliano,
A. Falkowski, M. Graesser, J. Martin Camalich, O. Naviliat Cuncic, N. Severijns, ...

[Recent review: MGA, O. Naviliat Cuncic, N. Severijns, 1803.08732]
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Precise data

+

Precise SM predictions

[Vua = 0.97416(21)!!1]
[Hardy & Towner'15]
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Implications for New Physics?

= Specific model; Begetal. (1977), Barbieri et al. (1985), Marciano & Sirlin (1987), Hagiwara et al. (1995),
Kurylov & Ramsey-Musolf (2002), Marciano (2007), Bauman et al. (2012), ...

= Something more model-indep? EFTs!
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= Something more model-indep? EFTs!

B %
» T ¢ [
Competitive probes? ° /
= Other low-E searches

- High-E (LHC!!)




What’s an EFT?
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o : Wilson coefficients.
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E.g. BSM setups with light d.o.f.
require a separate study



What’s an EFT?
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What’s an EFT?

>WW< > ...... < A L=L(¢,Pn)
i l 1 1 J.
P o T Lo = 201+ 220+ Lo ? |22 0 |

- 5 " 3

o; : Wilson coefficients.

"o
e Pros: Az = i (gnp, MNP)

© Comparison with other probes, under general assumptions;
o Efficiency: the analysis is done once and for all!
o Connection with HEP

LN

(Correlated)

bounds on the EFT Matching with a
Data i ; ific NP del
Wilson Coefficients specific mode




Comparing experiments

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

© How to compare with e.g. pion decays?
- Effective Lagrangian at the quark level!

pn (Cseve — Coevysre)
+ pyn (Cveyuve — Cyevuysve)
1
+ 5170’“’71 (Créouve — Creo,,Ysve)
— Py ysn (Caeyuysve — Cheyuve)
+ pysn (Cpéysve — Cpév,) + h.c.

[Lee & Yang'1956]

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




Hadrons:
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Hadronic EFT

_ Ca _ _
_‘Cn—)pe—ﬂe — CV (plyun + C—VPVM’st) X €Yy (1_75) Ve

1
+Cspn x e(l—y5)ve + §CT150‘“’n X €0y (1 —5) Ve

— Cp pysn X é(l—’)’g,)l/e-l-h.c.

+ terms with RH neubrinos




Hadronic EFT

+Cspn x e(l—y5)ve + §CTﬁa“”n X €0y (1 —5) Ve
— Cp pysn X é(l—’)’g,)l/e-l-h.c.

+ terms with RH neubrinos




Hadronic EFT

SM kerms

+Cspn x e(l—7)ve + 5 Cr po’n x eoy, (1 —7s5) ve

2
— Cp pysn X 5(1—75) Ve + h.c.
ot Cbl—f2H bt

Linear approx:
SM + small + (small)?

(Alternatively:
ne RH neubrinos: C; = )



Hadronic EFT
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a o

I

|
_‘Cn—)pe—ﬂe - M’V

—

+Cspn x e(l—y5)ve + §CTﬁa“”n X €0y (1 —5) Ve

—C p—papst——C-{——ays b6 “since the nucleons are treated

nonrelativistically, the pseudoscalar

t—terms—wibhRH-renbrines couplings are omitted”
Linear approx:
SM + small + (small)?

(Alternatively:
ne RH neubrinos: ¢ = C')




Hadronic EFT

_ Ca _ _
_‘C'n,—>pe—17e = CV (p’)/“n + C_V p’Y“’YW) X €Y (]- - ’)’5) Ve
1

+Cspn x e(l—75)ve + §CTpa“”n X €0y (1 —v5) ve + huc.




Hadronic EFT

Vud (1 + NP) [Lifetime shift]
L |Vud|2 + |Vu5|2 + |Vub|2 7é 1

C
pyHEn + C_i 177“’757’/) X evu (1 —5) Ve

1
+Cspn x e(l—75)ve + §CTpo“”n X €0y (1 —v5) ve + huc.




Hadronic EFT

Vud (1 + NP) [Lifetime shift]
l‘& |Vud|2 + |V'u,s|2 + |Vub|2 75 1

{ 9a (1 + N?>‘B Only way out:

' lattice QCD!

»

Cr po"’'n x eo,, (1 —vs)ve + h.c.




Hadronic EFT

s i B - ’
“‘/ S and T affect the angular distributions and the spectrum!!
|

dF(J) Pe
dE.d0.dq, ~ ¢E) {1 TR E,

\uP:d N
ARG+ (B+bs }

Fierz term!
[Fierz’1937]

[+ CPV effects]




Probing the Fierz term <

P ap—
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|
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———

A large endpoint kills the effect...
but so does ik a small one!
[MGA & Naviliat-Cuncic, PRC94 (2016)]
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v Direct effect in the spectrum:

TdE, | |

v Indirect effect in the asymmetries:

A large endpoint kills the effect...
but so does ik a small one!
[MGA & Naviliat-Cuncic, PRC94 (2016)]

Not always valid!
(Prokon specf:ru,m)
[MGA & Naviliat-Cuncic, PRC94 (2016)]




Probing the Fierz term <

P

Vd

r
| dr@g)
MEchedQV §(B) {1 Ta

<l

A large endpoint kills the effect...
but so does ik a small one!
[MGA & Naviliat-Cuncic, PRC94 (2016)]

Not always valid!
- X
X = (proton spectrum)
1+ b{m/Ee) (MG & Naviliar-Cuncie, PRC94 (2016)]

v Indirect effect in the asymmetries:

v Indirect effect in the Ft-values & neutron lifetime:

Hardy-Towner 2009

b = %0.009

r B me

0T, 0Ft ~ —b(=2) 2™ 71
\A Ee ™ 5070} -

Z of daughter




T ' : =
| 895 —
i Heavy NP cannok
| explain the beam vs, 2 200 887.97 + 2.04
| bottle tension Zé’ s
3

we Bub Light NP could = 885

do the job g

[Fornal & Grinstein 3 830 : 879.42 +0.61

PRL (120 (201%)] '
1 [See talks by Fornal, ’75 . . .

Swank, Cornell, ...] 1990 1995 2000 2005 2010 2015 2020
\ Year
\ _ _
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v Indirect effect in the Ft-values & neutron lifetime:

Hardy-Towner 2009
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Current data (+ TH!'!

Precision:
0(o.01 - 1)% !

Nuclet

A

Ft (or—0+) values

Ft (s)
3078.0 £ 4.5
3071.4+£3.2
3077.9+£7.3
3072.9+£1.0
3070.7 £1.8
3065.6 + 8.4
3071.6 £2.0
3076.4 £ 7.2
3072.4+£2.3
3074.1£2.0
3071.2£2.1
3069.8 + 2.6
3071.5 £6.7

3076.0 £ 11.0

[Hardy-Towner'2015]

[See talks by
Hardy & Leach]

Correlation coefficients

Parent Parameter Value

Type

“He
32 Ar
38mK

GOCO

/5
F/p*
F/p*

aT/6-

67Cu GT/B~

1147, GT/B~

140 /10¢ F-GT/3+

26A1/%0Pp  F-GT/g+

—0.3308(30)™
0.9989(65

Pr /Py
Pr/Pgr
SLi GT/8" R

[See talks by Callahan's,
Wietfeldt, Dees & Melconian]

Neukron daka

Value
879.75(76) =

Parameter
Tn (8)
an —0.1034

an —0.1090(41

A, —0.11869(99

* (S = 19!

(s = 2.6

AAB —1.2686
D, —0.00012
R, 0.004

*

(3
(
(
B, 0.9805(
(
(
(

7) =
)
) *
30) =
47)
20)
13)

* Averaqe
S = (szivx/da‘f)l/z

Many recent daka:
Tu (UCNT'17, Gravitrap’17),
An (UCNA'1E), an (aCORN'L7), ...



Precision:
0(o.01 - 1)% !

Current data (+ TH!'!

Nuclet

A

Ft (s)

3078.0 £4.5
3071.4 £ 3.2

3077.9+7.3
3072.9+1.0
3070.7 £ 1.8

3065.6 = 8.4
3071.6 £2.0

3076.4 £ 7.2
30724 £2.3
3074.1 £2.0
3071.2£2.1
3069.8 £2.6
3071.5 £6.7
3076.0 £ 11.0

Ft (or—0+) values

Correlation coefficients

Parameter Value

Parent Type

“He GT/B~
32Ay F/5+
38mK F/6+
Co GT/B~

—0.3308(30)™
0.9989(65

67Cu GT/B~

1147, GT/B~

140/10C  F-GT/B*  Pr/Por
26A1/3%P F-GT/B*  Pp/Por
SLi GT/8" R

[See talks by Callahan's,
Wietfeldt, Dees & Melconian]

Neukron daka

Parameter Value
Tn (8) 879.75(76) = (5 = 1.9')
an —0.1034(37) =
an —0.1090(41)
A, —0.11869(99) = (5 = 2.6/

B, 0.9805(30) =
AAB —1.2686(47)
D, —0.00012(20) =
R, 0.004(13)

* Averaqe
S = (szivx/do‘f)l/z

Many recent daka:

[Hardy-Towner'2015]

[See talks by
Hardy & Leach]

Tu (UCNT'17, Gravitrap’17),
An (UCNA'1E), an (aCORN'L7), ...

PPNS 201% (Lastk week!):
An = -0,119%3(21)
Perkeo III (2.86x!)




Current data — Results

1.00

;J ICv| 0.98595(34) G /V2

| Ca/Cv | _ —1.2728(17) with o— | 008 100

| cs/Cy 0.0014(12) P=1 094 0.08 1.00

{ Cr/Ca 0.0020(22) 032 0.85 —0.31 100

ﬂ

——

S
S

1,269 8 ‘ 8
4 6 F ! 6
,7,: wo 4 r 1 MO 4
= 2t / S = 5 =,
> \< - 1 | -
R O -1.274 | © \ Q
S o 50 B e
2 F l -4 g 4+
09845 098 ‘ ' -1.279 ' ‘ -6 ' ' -6 -
9845 . lgSI . (32865 0.98 0.9845 0.9855 0.9865 0.9875 2 0 2 X 4 6 -1.279 -1.274 -1.269
v 1G] IC [GpN2] Cg/Cy [107] C,/Cy
Driven bsj

M. Gonzilez-Alonso (CERN) B decays in the LHC era SM tests in B decays




Current data — Results

P—— = = - — =

;U ICv| 0.98595(34) G /V2

;‘ Ca/Cv | _ —1.2728(17) with o— | 008 100

| cs/cy 0.0014(12) P=1 094 0.08 1.00
{L Cr/Ca 0.0020(22) 032 0.85 —0.31

® One can trivially calculate the precision needed in any other observable to compete:

Ex. #1 | dn=[(C:) — dan — 0.6%

PS: the precisiov\ needed
W an is much higher!




Current data — Results

{1 ICv| 0.98595(34) G /V2

I‘ Ca/Cv | _ —1.2728(17) with p— 0.08 1.00

| Cs/Cy 0.0014(12) 0.94 0.08 1.00
L Cr/Ca 0.0020(22) —0.32 0.85

® One can trivially calculate the precision needed in any other observable to compete:

Ex. #1 | Gn=f(C:) - S, = 0.6%

PS: the precisiov\ needed
W an is much higher!

Ex. #2: Speckrum skape measuremenks

0.0035 .

3 \ Helium-6
0.0030 |
0.0025}
0.0020 . Neutron

0.0015}

Relative shape distortion

0.0010}

0.0005 |

|
1 Tritium
L

0.0000"
Mg EO




Current data — Results

o, o — .

| ICv| 0.98595(34) G /V2

I‘ Ca/Cv | —1.2728(17) with o— | 008 100

| cs/oy | T 0.0014(12) P=1 094 008 1.00
Cr/Ca 0.0020(22) —0.32 0.85

I

—

® One can trivially calculate the precision needed in any other observable to compete:

Ex. #1 | Gn=f(C:) - 5d, = 0.6%

PS: the precisiov\ needed
W an is much higher!

Ex. #2: SpecErum skape measuremenks

0.0035

r | Helium-6
0.0030 |
0.0025 |
0.0020 . Neutron

0.0015}

0.0010}

.| Relative shape distortion

[Contrary to the claim in Ludl-
Rodejohann, JHEPo6(2016)040]



Current data — Results

] |
J ICy | 0.98595(34) G /V2

1.00

}‘ Cu/Cy | —1.2728(17) wi o | 008 100
| cs/oy | T 0.0014(12) P=1 094 0.08 1.00
{ Cr/Ca 0.0020(22) 032 085 —0.31 1.00

(= - ———— 0*>0*
L |Cv|= 0.98559(11) Gp/V2 | 1268}
lCA/CV = — 1.27510(66) , “
o T (0=025) ol A

S "

S
° Fit driven by Ft’s & Tu (not AL)

—-1.276

© Nice (& nontrivial) agreement;

-1.28
0983 0984 0985 0986 0987 0.988

ICvl [Gr/N2 ]




Current data — Results

] |
J ICy | 0.98595(34) G /V2

1.00

}‘ Cu/Cy | —1.2728(17) wi o | 008 100
| cs/oy | T 0.0014(12) P=1 094 0.08 1.00
{ Cr/Ca 0.0020(22) 032 085 —0.31 1.00

(= - ———————\ 0*=0*
L |Cyv| = 0.98559(11) GF/V2 | 1268}
l(l4/(ﬁ/:= —-1.27510(66), Y
(=025 . —1272F A,
Q
G B e s e
° Fit driven by Ft’s & Tu (not AL) | |
— 1,276 nnnneennnnnnee e piammag e
_Perkeo 111
© Nice (& nontrivial) agreement;

1288 .
0983 0984 0985 0986 0987 0.988

ICvl [Gr/N2 ]




Quarks (low-E):

d—ueV




From hadrons to quarks

. Ov ~ gvVaa(1+NP)(1+RC) |
Ca/Cv ~ —ga/gv (1 —c¢r) ‘
Cs ~ gses
Cr ~ grer

M. Gonzalez-Alonso (CERN) SM tests in 3 decays




From hadrons to quarks

~'u,d
J\
CV ~ ng‘/'u,d (1

M. Gonzalez-Alonso (CERN) SM tests in 3 decays




From hadrons to quarks

M. Gonzalez-Alonso (CERN) SM tests in 3 decays




From hadrons to quarks

CLS12F
"TRQCD14}
ETMC15¢
ETMC17}
CLS17}

PNDME16 |
CalLatl7A¢}
this work}

PDG17

1.10

_>

[Lattice2017: Chang et al., 1710.06523]

[

[

il

il

B Nf:2—|-1

Ny=2+1+1

- experimental value
L Il

1.15 1.20 1.25

130 1.35 1.40



From hadrons to quarks

| Cyv ~ gyVu(1+NP)(1+ RC) { 0.013 by < 0.001
Ca/Cy ~ —9ga /gv (1 —€Rr)
- gs|es

0.010

Scalar & tensor
gmyer charges

e . e

(pludln) — (pluoyysdin)

Adler et al. 1975
vk modeyy0-00(40) 1.45(85)

| 8g /g~ 15-20%

0,005 . it
~0.0004 —0.0002 0.0000% )

N ~

PNDME 2011 0.80(40) 1.05(35)

[average]

[Bhattacharya, Cirigliano, Cohen, Filipuzzi,
MGA, Graesser, Gupta, Lin, PRD85 (2012)]




From hadrons to quarks

o=
{

Adler et al. 1975 0.60(40)

(quark model)
PNDME 2011 080(4())
LHPC 2012 108(32)

ROCD 2014 1.02(35)
PNDME 2013/15  0.72(32)

ETMC 2015 1.21(42)

Cv ~ gvVua(1+

Scalar & tensor
charges

) (1 + RC)

1.45(85) | -
1.0535) o5 | 3 |

)

1.04(02)

1.01(02)
g, All syst!
1.02(08)

[Bhattacharya et al.,
# Phys. Rev. Lett. 115 (2015)]

1.03(06)

PS: Pheno dets. are also
posible, buk less precise

o7 = / (h¥(z) — hd(z)) da



From hadrons to quarks

|

0.010!
- gslEs ,
Scalar & tensor

charges

(plud|n)  (plucu,sd|n)

Adler et al.’ 1975
PNDME 2011 0.80(40) 1.05(35) * i T T R ! V

)

LHPC 2012 1.08(32) 1.04(02)
ROCD 2014 1.02(35) 1.01(02)
PNDME 2013/15  0.72(32) 1.02(08)
ETMC 2015 1.21(42) 1.03(06)

CVC

C1.02(11) )

[MGA & Martin Camalich,

PNDME 2016 0.97(13) 0.99(06) h Phys. Rev. Lett. 112 (2014)]

ILQCD'1E o¥%(11) 1.0%(10)




From hadrons to quarks

/ Well known, used in many other processes, AN[N |
" e.g. EDMs or K—mev..

\| [e.g. Anselm et al’1985,
| Ellis et al’2008,
|l Engel et al’2013, ... ]

QED
| (M, -M,) 2129333224 MeV
M, -M, (M -M,) +(M, -M,)

QoCD

BMw13)| b

cve 1.02(11)

; [MGA & Martin Camalich,
§§ Phys. Rev. Lett. 112 (2014)]




From hadrons to quarks

/ Well known, used in many other processes, AlVIN
‘1 e.g. EDMs or K—mev..

\| [e.g. Anselm et al’1985,
| Ellis et al’2008,
|l Engel et al’2013, ... ]

QED

(M M) = 1.2933322(4) MeV

ex

M, -M, (M -M,)

+(M, -M,)

0oCD

BMw13)| b

ey =

PNDME 2013/15

' 072(32)“ ) 1.02(08)

ETMC 2015 12 (42) 1.03(06)

cve  (Cr.o2a11) )

; [MGA & Martin Camalich,
i Phys. Rev. Lett. 112 (2014)]




From hadrons to quarks

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]
) _ B M, +M|
Oy, (uyHvsd) = i(mqg + my,)uysd - gp = g, =348(11)
m, +m,
Implications? It almost compensates the bilinear suppression! / M r_,10‘3
g

()15 d|n(pn)) = 90 (@ (pp) 5 (02D

(" “since the nucleons are treated )
nonrelativistically, the pseudoscalar
couplings are omitted”

[Jackson, Treiman & Wyld, 195 7]/




From hadrons to quarks

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]

) . ) M + Mp
Oy, (uyHvsd) = i(mqg + my,)uysd - gp = g, =348(11)
m, + m,
Implications? It almost compensates the bilinear suppression! / M f_,10’3
~

((pp)uvsdn(pn)) = gp(aQup(Pp)V5tn Py

(" “since the nucleons are treated N

nonrelativistically, the pseudoscalar
couplings are omitted”

[Jackson, Treiman & Wyld, 195 7]/

The same B c\ecaj experimev\&s that sek
bounds on §S & T, are also sensitive ko P!

(b%) ~ 0.23¢5 — 3.45¢7 — 0.03¢p

f From current data:
L gp = - 0.08(15) (90%CL)




From hadrons to quarks

Likewi [MGA & Martin Camalich,
IKEWISE... Phys. Rev. Lett. 112 (2014)]

M +M

8, (i ys5d) = i(mg 4+ my)aysd - gy = - mP g, =348(11)

Implications? It almost compensates the bilinear suppression!

107
_gM

(p(pp)|uysd|n(pn)) = 9p(qQup(Pp)V5tn (Py

" “since the nucleons are treated )
nonrelativistically, the pseudoscalar
couplings are omitted”

[Jackson, Treiman & Wyld, 195 7]/

The same B c\ecaj experimev\&s that sek
bounds on §S & T, are also sensitive ko P!

(™) ~ 0.23¢5 — 3.45¢7 — 0.03¢p Buk... the bounds on &, from pion
E decays are much stronger!!!

u‘( From current data:
L gp = - 0.08(15) (90%CL)




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

[ BSm ik
|
V] 0.97452(34)(19) 1.00
er | _ | 0.0021)(21),, (90% CL) ity o — [0:00 100
€s 0.0014(20)(3),,  (90% CL) P= 1083 0.00 1.00
er ~0.0007(12)(1 ), (90% CL) 0.28 —0.04 0.31 1.00
\_ -

M. Gonzalez-Alonso (CERN) SM tests in  decays




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

[ BSm ik
|
V] 0.97452(34)(19) 1.00
er | _ | 0.0021)(21),, (90% CL) ity o — [0:00 100
€s 0.0014(20)(3),,  (90% CL) P= 1083 0.00 1.00
er ~0.0007(12)(1 ), (90% CL) 0.28 —0.04 0.31 1.00

~ ~ ~ S,T=0
C | Vaal® + [V 2 + | Vi|> = 0.9999(14) === 0.9995(8)
_

ﬁ

M. Gonzalez-Alonso (CERN) SM tests in  decays




From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

S— — e =

[ BSm ik
|
V] 0.97452(34)(19) 1.00
er | _ | 0.0021)(21),, (90% CL) ity o — [0:00 100
€s 0.0014(20)(3),,  (90% CL) P= 1083 0.00 1.00
er ~0.0007(12)(1 ), (90% CL) 0.28 —0.04 0.31 1.00

~ ~ ~ S,T=0
C | Vaal® + [V 2 + | Vi|> = 0.9999(14) === 0.9995(8)

—

Csmfik

| |Vual = 0.97416(11)(19) = 0.97416(21) ,
A = 1.27510(66)

.

M. Gonzalez-Alonso (CERN) SM tests in  decays



From hadrons to quarks

Using these RC + charges, the Ci bounds translate into...

[ BSm ik |
| !
Vil 0.97452(34)(19) 1.00

er | _ | 0.00201)(21), (90% CL) it o | 000 1.00 |

€s 0.0014(20)(3),,  (90% CL) P= 1083 0.00 1.00

er ~0.0007(12)(1 ), (90% CL) 0.28 —0.04 0.31 1.00

|:> Vaud|? + [Vus|® + |Van|® = 0.9999(14) -—«-—«% 0. 999@

\

| |Vual = 0.97416(11)(19)= 0. |
A= 1.27510(66) , |
N - (T
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From hadrons to quarks

‘ T —>evy

0.010 (PIBETA 2009)
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w 0.000 ﬂ A=CE/m )sin’(0,, /2) |
|
|

_ e
<7(€’ p)luUﬂV75d|7T+> == EfT(pl.LeV - plle,u)’

,'; £.=0.24(4) [Mateu & Portolés, 2007]
[large-N inspired resonance saturation model]
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From hadrons to quarks

Present “Fubure”
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From hadrons to quarks

Present
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Pocanic's talk:
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“take it with a rock of salt”
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” : de(p) — (a(p) as(m) '\
Matching with SMEFT ™ (200, 20,

A
W ~ 10 TeV NP | .
el £(z) = £ (SM fields, bSM fields)

iU i) a
- 1
>VV‘\’IW< >'< kel SV Lerr. = Lsy + ani O;

>< >< La—ut-—5, = —4G\I/?§‘/ij

~ GeV

! !
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Matching with SMEFT WG Canatien o 2017

© Running + Matching with HEP Model/EFT: dé(p) alp) as (1)
dlog,u - ( o VYew T o '78) 6(“)?

Vij - Ez% = [&w]u ;

Vij - Egi = [de]ZZjl J

Vij - ezf? - [Vd;de] 001

- [@fq] ijl ’
* Oy = i(7eDyp) (@yd) + hoc.
\'}'} O) =i(! Do) (qy,.0%q) +h.c.

Og;) —i(o' DFo%p) (I,0%) +h.c.

0,,, = i(¢p"eDpp) (7y*e) + hec.
0 = (Iy*o®1)(@yu0%)
Ogde = (Ie)(dq) + h.c.
Oy = (Ipe)e®(Gyu) + h.c.

Oltq = (lao"e)e®(Gpo,mu) + hec.
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V-A interactions:




Many exam[ntes:
°Tree: W', RPV-MSSM, ...
oLoop: Z', RPC~MSSM, ..

[Barbieri et al. (1985), Marciano & Sirlin (1987),
Hagiwara et al. (1995), Kurylov & Ramsey-Musolf
(2002), Marciano (2007), Gauld et al. (2014), ...]

V-A interactions:
CKM unitarity test vs LEP

4 p ) 2
6 ©
U
n \“0\
\_ e J




Many examgtes:
°Tree: W', RPV-MSSM, ...
oLoop: Z', RPC~MSSM, ..

[Barbieri et al. (1985), Marciano & Sirlin (1987),
Hagiwara et al. (1995), Kurylov & Ramsey-Musolf
(2002), Marciano (2007), Gauld et al. (2014), ...]

V-A interactions:
CKM unitarity test vs LEP
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CKM unaitarity vs HEP o

MGA & Martin Camalich'l6,
MGA, Naviliat Cuncic, Severijns'l 8]
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" A_ 0.07416(21)
,‘kffus | 0.22484(64)




CKM unitarity vs HEP o

MGA & Martin Camalich'l6,
MGA, Naviliat Cuncic, Severijns'l 8]

- I S— —_— p—— E——— N

a 0.97416(21) - - - )
S) B (0.22484(64)> * Ackm = |Vadl® + [Vusl® + [Vip|* = 1= —(4.6 £5.2) x 1074

/

i (v

) Acicn = |Vaal? + Vool + Vasl? — 1 = 2 (=09l + 897" — 697 — f2) + )




CKM unitarity vs HEP e

MGA & Martin Camalich'l6,
MGA, Naviliat Cuncic, Severijns'l 8]
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CKM unitarity vs HEP e

MGA & Martin Camalich'l6,
MGA, Naviliat Cuncic, Severijns'l 8]
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CKM unitarity vs HEP e

MGA & Martin Camalich'l6,
MGA, Naviliat Cuncic, Severijns'l 8]
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[Falkowski, MGA & Mimouni’l?7,
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Scalar & tensor interactions:

ijerz VS LHC




\a'erj hard ko avoid w—Llv

© Tree: chiral theories.. (12ys)
® Loop: QED & EW mixing 5,77

Scalar & tensor interactions:

4 p )

bFierz VS LHC
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LLHC limits on .

: SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]
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LLHC limits on .

: SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]
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LLHC limits on .

e SM background NP (EFT)

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)/
[Cirigliano, MGA & Graesser, JHEP1302 (2013)/
[Bhattacharya et al, PRD85 (2012)]
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If we see a bump...

© EFT breaks down...
Toy model: scalar resonance:

L

e Then we have a lower-limit value for e:
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Nice interplay of two
experiments separated for so
many orders of magnitudes!!!!

[T. Battacharya et al., 2012]
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Conclusions

© (Sub) permil-level precision in p decays (M, -M,)

= eP _1.02(11)
o Great QCD progress (charges); M

« Experimental progress too;

g.o10( " " T T T T T T T T T

0.005¢ |
10*=>0"

© General EFT analysis available s O_OOO_C /)\

— Comparison with APV, LEP, LHC, ... 3 decay | |
— B decays are competitive TeV probes; +0.005] | LHCS |
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€T

o Inner RC? (Wy box);

| ICv| 0.98595(34) Gr /2

()
Ca/Cv | _ ~1.2728(17) (% _ s Iy )
Cs/Cy |~ 0.0014(12) | Az = filonp, Myp)
Cr/Ca 0.0020(22) |
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Backup slides
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Beta asymmetry
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[From B. Plaster's talk at PPNS 2018]
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CKM unitarity

Vs [ 68%CL ellipse
- Without scaling $ = 2.1
d
0.226 |- gV
r L
<+ fit with
fit > | unitarity
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“ Vi
c
2.
0.222 - s
Vud - <
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[Moulson'l7, Nf=2+1+1]
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g. & the nucleon splitting

[MGA & Martin Camalich,
Phys. Rev. Lett. 112 (2014)]

Oy (uy''d) = —i(mg — my,)ud

Isospin splitting in the nucleon

(M, -M,) =1.2933322(4) MeV

exp

M, -M, = (M —Mp)

+(M, -M,)

ocD QED

It turns out lattice-QCD is being

) calculating this recently!!!!
Useful connection between two AMy

different Lattice efforts! 2 L
1 k

; 0 - Total QCD

§ . | E | QED
Well known, used in many other processes, - i ex%
e.g. EDMs or K—mev... -2 F

+ : -3 L [BMW’13]

Folt) = f(t) + g f (1) [ AT E Gl 2008

2
m2 —m
K T Engel et al’2013, ... ]




