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Introduction

V,, =0.97425(22)
V. =0.2252(9)
Vv, ~107

(Hardy & Towner, 2008)

From 0+—0+ nuclear beta decays

(Antonelli et al., 2009)
From KI3 and Ki2
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[ Is this constraint telling us sth about NP that we don’t know from Colliders? ]
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V. 0974 25(2 2) (Hardy & Towner, 2008)
. From 0+—0+ nuclear beta decays
V,. =0.2252(9)

V. 10"

0.225 |

(Antonelli et al., 2009)
From KI3 and Ki2

V.. |2 +|V,, P=0.9999+0.0006

[ Is this constraint telling us sth about NP that we don’t know from Colliders? ]

O Model-dependent approaches...| Barbieri et al. (1985), Marciano & Sirlin (1987), Hagiwara et
al. (1995), Kurylov & Ramsey-Musolf (2002), Marciano (2007)

O More model-independent approach... V. Cirigliano, M. G.-A. & J. Jenkins \

S\
Nuc. Phys. B830: 95-115, 2010 \| 3%
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V. 094 25(2 2) (Hardy & Towner, 2008)
. From 0+—0+ nuclear beta decays
V,. =0.2252(9)

Vv, ~10°

0.225 |

(Antonelli et al., 2009)
From KI3 and Ki2

V. [2 +|V,, P=0.9999+0.0006

[ Is this constraint telling us sth about NP that we don’t know from Colliders? ]

O Model-dependent approaches...| Barbieri et al. (1985), Marciano & Sirlin (1987), Hagiwara et
al. (1995), Kurylov & Ramsey-Musolf (2002), Marciano (2007)

O More model-independent approach...

V. Cirigliano, M. G.-A. & . Jenkins
Nuc. Phys. B830: 95-115, 2010
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N 0974 25(2 2) (Hardy & Towner, 2008)
VUd —0.2257 (9) From 0+—0+ nuclear beta decays
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Vis (Kg)

0.225 |

(Antonelli et al., 2009)
From KI3 and Ki2

V. [2 +|V,, P=0.9999+0.0006

Extraction of Vij:
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The ett. Lagrangian for E~100 GeV

> __________ < ~tev | v T () = £(SM-fields, bSM-fields)

>< 1000 LS L0 = Loy (01 L0045 £,00+-.

(l:n (x) = Z "0 (X)]
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The ett. Lagrangian for E~100 GeV

> __________ < ~tev | v T () = £(SM-fields, bSM-fields)
Buchmiiller-Wyler’1986,

@ @ @ Leung et al.”1986
>< ~100Gev | sw LX) = L;,,(X) +%<X)+%£6(X)+...

(l:n (x) = Z "0 (X)]

[ 77 operators; ]
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The ett. Lagrangian for E~1 GeV

er-wyler'1900,

ng et al.’1986

~100GeV | SM LX) = Loy (X) +— % £ (X)

[Lf;(x):iaioi(x)j

@ Cirigliano, M. G-A.,

Jenkins’2009

v~174 GeV

fff ( ) fff SM (X)-I——fff bSM( )

U—evy U—evV U—EVV

~ GeV Fermi

fff _( ) Leff SM_( )-l-—fﬁ bSM ( )

dl Su'lv d) Su'liov
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FB case: Phenomenology

m NP Flavor structure? Simplest case: Flavor Blind limit...
U(3)° inv. (Or nearly flavor

a @y O

i1 00
a® =\ a, @, a,|=a®o 1 0 : ) (%) (u)(d blind, like MFV)
oy el 0 01 AR (D’Ambrosio, Giudice,
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FB case: Phenomenology

® NP Flavor structure? Simplest case: Flavor Blind limit...
‘ (Or nearly flavor

blind, like MFV)

— | g’ :
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FB case: Phenomenology

O NP Flavor structure? S1mplest case: Flavor Blind limit...

(Or nearly flavor

blind, like MFV)
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FB case: Phenomenology

m NP Flavor structure? Simplest case: Flavor Blind limit...
(Or nearly flavor

blind, like MFV)
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ACKM VS. EWPT / AL :%>11Tev (90% CL)

1 - _
Oy = 5 et l)(lyuo®l)
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Ogy) =i(¢' Do) (gv,0%q) +h.c.
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oo vs ENPT

L = - What did we know about them from EWPT?
3
Oy = 5 et l)(lyuo®l)

3 7 a — a
02 = (I"o" ) (@,0"q)
Og? =i(h' D*o%p)(ly,0%) +h.c.,

08) =i(p'D*op)(Gru0*q) +h.c.

e
g
]

=

=
3

e
(/)]
0
E
g
Q
Q
=
0

o

M. Gonzalez-Alonso NP bounds from CKM unitarity 4/5



e
g
]

g

=
3

e
(/)]
0
E
g
Q
Q
=
0

o

|

Gg-extraction
from mu-decay

‘\
a (:-") N [ _,.\J ] q . + — )
O =i(p'D*ap))(l 1u0 1) OS; =i(p'D'o%p)(qy.0%q)
Z g Gauge W Zéj Gauge
- invariance : . -
}K invariance
(r lr vro|
AN _ _
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AT =% ~11TeV (90% CL)

A vs. EWPT V4

What did we know about them from EWPT?
Q. = (V') (qy,0q)2 “{ LEPII: ete” _>qu

e

8 ( ~(3) .ot a 7 a N[ : + A
E . Oy =i(p' D o"p))(lyu0) OL) =i(p'D"a0)(@y,0%q)

= Gg-extraction ) ( v

| from mu-decay Z g  Gauge sW Z 3 Gauge W

7 AT invanance invariance

g — —
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A VS. EWPT Al ﬂ >11TeV (90% CL)
CKM s

(3) (3) )
. al (x 10°) ag (x 10%) e (x 107)
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A vs. EWPT

/ AL =%>11Tev (90% CL)
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ACKM VS. EWPT / AL =%>11Tev (90% CL)
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Conclusions

® In a model independent framework we have found the 4 short-distance
operators that generate violations of CKM-unitarity

= 53 4 506 _ 50 4, 50)
[ACKM— 4(‘“@ SR P s 7 )]

m The direct experimental limit puts strong constraints on all 4 operators,
at the level of the colliders constraints or better.

Ao = —(0.120.6)10 ° ) mmmp (A" >11TeV (90%CL) |
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Conclusions

® In a model independent framework we have found the 4 short-distance
operators that generate violations of CKM-unitarity

- @ 20 =206 206
[ACKM— 4(—a¢| s =ty )]

m The direct experimental limit puts strong constraints on all 4 operators,
at the level of the colliders constraints or better.

Boww = —(0.120.6)10 " ) mummp (A" >11TeV (90%CL) |

‘ Message for Model-Builders:
Take into account the CKM unitarity test! Especially if your model

enerates the contact term... 3 - QN e a
© Oy = (1o D) (@0 )
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Conclusions

® In a model independent framework we have found the 4 short-distance
operators that generate violations of CKM-unitarity

— 23 =23 =B 6 206
[ACKM— 4(_%| * O = ety )]

m The direct experimental limit puts strong constraints on all 4 operators,
at the level of the colliders constraints or better.

Ao = —(0.120.6)10 " ) mummp (A" >11TeV/(90%CL) |

‘ Message for Model-Builders:
Take into account the CKM unitarity test! Especially if your model

enerates the contact term... 3 - QN e a
© Oy = (1o D) (@0 )

- Message for Experimentalists:
Measuring V_, (V) you are really probing the TeV scale!
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Thanks!
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Backup slides
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The ett. Lagrangian for E~1 GeV

® Muon decay U o>ev,y,

[ ol o

(V-A) o (V-A) (S-P) o (S+P)
€7, Ve )V, L7/y,Ll|_)+S (Exve)(V, L/uR):I-I_h-C-- J

® Beta decay: d' —»u' |

e

A

2

(V-A) o (V-A) (VeAJ o (V-A)
(1+VL)(U|_7/ﬂd J)(||_7/y‘/||_) v (uRyﬂd J)(ILVﬂVIL)

(S-P) @ (S+P)  (S¥P) e (S+P)

o ;nfvzv Vy | 45 (@A) (v + 5o (@ d ) (v, +he.
(1) e(l])
_+tL(U;awdg)(|Ran,L) |
where... - 2[0?(3) ]11+22 [al(l) ]1221 2[0?I(3) ]1122 (1221)/2
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A Vs EW precision measurements

2 U(3)° limit;

< 237 measurements;

< 21 parameters (QU’s);

A%é(f =e,,T)

E—
Classification |Standard Notation Measurement
Atomic parity Qw(C's) Weak charge in Cs
violation (Qw) Qw (T1) Weak charge in Tl
DIS ‘g%. g% vy-nucleon scattering from NuTeV
RY v,-nucleon scattering from CDHS and CHARM
K v,-mucleon scattering from CCFR
[ v-e scattering from CHARM 11
Zline 'y Total Z width
(lepton and a0 eTe™ hadronic cross section at Z pole
light quark) R(}( f=epnr) Ratios of lepton decay rates

Forward-backward lepton asymmetries

pol Ai(f=e,p.7) Polarized lepton asymmetries
be R?( f=brc) Ratios of hadronic decay rates
(heavy quark) A%f;( f=b.e) Forward-backward hadronic asymmetries
Ar(f=b.c) Polarized hadronic asymmetries

LEPII Fermion

production

of(f=q.pT)
AL (f = p.7)

Total cross sections for ete™ — ff

Forward-backward asymmetries for ete™ — ff

eOPAL

do./dcos

Differential cross section for eTe™ — eTe™

HEP— fit _ ~ (3)

exp.
ACKM

~)
a(ﬂq

= —(0.1+£0.6)10°°

W mass

— &I(;) + &|(|3) ) = _(4 1+2 9) 1 0_3 \itial cross section for ete=™ — WHW—

Hadronic charge asymmetry
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This leaves ample room

for a sizeable violation

of CKM-unitarity




Ac vs. EW precision measurements

O Global analysis

HEP constraint CKM constraint
—_— A5 4.5
o —~
S:_:‘ 3, MQ 3.0f -
— L
\>_<, 1.55 X 1.55
S
@E- o — 0.0r
o O
S s TS -8
(3) 3
el ¥ (x 10°)
4(-a? +a? -a? +a®)=—(0.1£0.6) 103
4.5 (@) —(3) —@  — _
e 4(—a$)+ag) -a? +a,(|3)):—(2.5i0.6)-10 3
- ‘s 3.0
G A
.8 X ‘18 Combination
= so HEP + CKM
9 S -5 y HEP + CKM (alt)
w
)
b=
g
<)
g
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