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In the New Physics search...

Introduction

Can flavor exp. compete with colliders exp.?
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In the New Physics search...

Introduction

What interplay?

Can flavor exp. compete with colliders exp.?
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Introduction

In the New Physics search...

Can flavor exp. compete with colliders exp.?

But we know this is
not that simple...

Kaon processes:

- Theoretically clean!
(errors < 1% in SM det.);

- Precise experimental
data available and
forthcoming

M. Gonzalez-Alonso NP bounds from CKM unitarity 2/22
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Introduction: Phenomenology of V& V .

[ ACKM - IVud |2 +|Vus |2 +M =1 }

1), Beta decay =¥ determination of GV

(d? ' Ti gl fi T, d i
(Flyrd i) (fluyyd’fi)
( Vector Axial-Vector Both \
0*— 0 decays
N o, nf—e'v Neutron decay

5 Hyperon decay
% \Vus S ooy Tau decay )
=
3 _
A (u—oevv,)
E 2) Muon decay =2 determination of Gg;
)
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Introduction: Phenomenology of V& V .

[ ACKM = IVud |2 +|Vus |2 +M il }

1) Beta decay = determination oGV,

(dj—>u‘h7, Tl si i, 4
(Floyrdti) — (Floyyd i)
( Vector Axial-Vector Both \
0*— 0 decays —
Ve g TT—e'v Neutron decay V1]

5 Hyperon decay
% \Vus S ooy Tau decay )
=
s _
A (u—oevv,)
E 2) Muon decay =2 determination of
&
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Introduction: Phenomenology of V& V .

[ ACKM - IVud |2 +|Vus |2 +M =1 \J

1) Beta decay = determination oGV,

d' —u'ly, . B N
( (f|a'yed?|i)  (f|u'y”p.d’]i)

( Vector Axial-Vector Both \

0*— 0 decays —
N g, TT—e'v Neutron decay V1]

5 Hyperon decay
!:% \Vus S S dcin Tau decay )
3 _
E (uery,) . How do the NP-
= 2) Muon decay =2 determination of Gy; )
S terms affect this?
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Introduction: Phenomenology of V& V .

arXiv:0907 5386

T > g 0.3
Vud .04/ 25(22) 0.02% precision! (Hardy & Towner, 2008) - ﬁ% “rvm (0" - 0")

From 0+—0+ nuclear beta decays y J\qu*“““’
0.4% precision! *
°P (Antonelli et al., 2009)
0.225 fit —’r J— fit _'d‘"h
From Ki3 and Ki2 ' Y
D'zzﬂ.ﬂ?

Colliders & flavour

M. Gonzalez-Alonso NP bounds from CKM unitarity 4 /22



Introduction: Phenomenology of V& V .

arXiv:0907 5386

Vud =0.97 25(22) 0.02% precision! (Hardy & Towner, 2008) > [FreA
: From 0+—0+ nuclear beta decays I
AN o S
0.4% precision! .
(Antonelli et al., 2009)
From KI3 and Ki2 =L
D'zzﬂ.ﬂ?

Colliders & flavour
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Introduction: Phenomenology of V& V .

arXiv:0907.5386

/ ; + +
Vud e 0.97425(22)\ 002% preC|S|On' (Hal’dy& TOWI)eI', 2008) = -Ha%&v f—vud{ﬂ — 0 :l
From 0+—0+ nuclear beta decays I N ;\fuu“‘ﬂ‘
Vus = 02252(9) 0.4% precision! ] I | *
(Antonelli et al., 2009) JIE—
-3 225 | fit— < fit with
\Vub ~10 ) From KI3 and KI2 | : e
0'220.97 0.875 vV

B = [Vaa P +1V4 [ 1V, F ~1=~(0.140.6)10° |

2
...MW

A2

NP = A~TeV

® Confirms large EW rad. corr. (2 o/11 Iog{szMp)£+3.6%) Marciano-Sirin

e |t would naively fit Mz = (90 *7) GeV ! Marciano, CKM 2008
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[ Ackm = [Vua [F +[Vig [ +1Vy [F ~1=—~(1£6)10”" J

Introduction

The precise question is:

Is this constraint telling us something about NP that we do not know from
Collider experiments?
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Introduction

The precise question is:

Is this constraint telling us something about NP that we do not know from
Collider experiments?

O  Model-dependent approaches...

{@%‘- W. Marciano, KAON’07
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: Adi= IV IV B4V AL (4 B) 107
Tntroduction (o= Ml +lfrif A-s000" |

The precise question is:

Is this constraint telling us something about NP that we do not know from
Collider experiments?

O  Model-dependent approaches...

{@S‘- W. Marciano, KAON’07

O  More model-independent approach...

V. Cirigliano, M. G.-A. & J. Jenkins
arXiv: 0908.1754 [hep-ph]
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: Ac = VLRIV IRV B (s Ry 00
Tntroduction (o= Ml +l% frif A=s0u0" |

The precise question is:

Is this constraint telling us something about NP that we do not know from
Collider experiments?

O  Model-dependent approaches...

{@S‘- W. Marciano, KAON’07

EFF. LAGRANGIAN

O  More model-independent approach... | |

V. Cirigliano, M. G.-A. & ]. Jenkins Particles + Symmetries

arXiv: 0908.1754 [hep-ph] - SM-Higgs; - L, B cons.;

- THDM; _ CPV;

- No Higgs; - Custodial sym.;

- With vg; - Flavor sym.;
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The etf. Lagrangian tor E~100 GeV

~ 100 GeV SM

~ GeV Fermi
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The etf. Lagrangian tor E~100 GeV

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

1 1 1 1 1 Leung et al.’1986
>< ~100GeV | SM Le“f-(X)=Lsm(x)+%£5(x)+%£6(X)+...

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

~ GeV Fermi

-
B
S
o]
=
o
w
S
Q
o
oyl
=
o
@

M. Gonzalez-Alonso NP bounds from CKM unitarity 7/22



The ett. Lagrangian for E~100 GeV

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

@ @ @ @ @ Leung et al.’1986
>< ~100GeV | sm Leff-(x):LSM(X)+%£5(X)+%L6(x)+,,,

[ﬁn(x) = Zai(n)()i(n)(x)]
/~ ASSUMPTIONS: ) i

» Gap SM-NP;
* SM Higgs doublet;
* NP weakly coupled at the EW scale;

* Lepton and baryon number conservation;

* No new sources of CPV beyond CKM;

K- Flavor symmetries? /

M. Gonzalez-Alonso NP bounds from CKM unitarity 7/22
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The ett. Lagrangian for E~100 GeV

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

@ @ @ @ @ Leung et al.’1986
>< ~100GeV | sMm L5 (x) = L, (X) +}><x) +%£6 (X) +...

[‘£n(x) = Zai(n)()i(n)(x)]
/~ ASSUMPTIONS: ) |

* Gap SM-NP; @V list: 77 operators; \
* SM Higgs doublet;
* NP weakly coupled at the EW scale;

“Only” 25 contribute to...

* Lepton and baryon number conservation; _ EW precision obs.:

* No new sources of CPV beyond CKM;

- Muon & Beta decays;
\- Flavor symmetries? / \ J

M. Gonzalez-Alonso NP bounds from CKM unitarity 7/22
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The etf. Lagrangian for E~1 GeV

Iy

et al ’1 986

~ 100 GeV

s £ = Loy (0045 £,
£ (%)= fa@(x)j

Cirigliano, M. G-A.,
Jenkins’2009

~ GeV Fermi
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The ett. Lagrangian for E~1 GeV

et ai.’198-6r '

£ = Luag (0 + 5 £,
(‘EG (x) = iaiOi (X)j

Cirigliano, M. G-A.,
Jenkins’2009

>< ~ GeV

M. Gonzalez-Alonso NP bounds from CKM unitarity 7/22

v~174 GeV
ff ff, SM ff, bSM
LZ_)eW (X) ‘sz—mvv (X) + _sz—)evv ( )

Leff ( ) Leff SM_( )+—I,Eff bSM ( )

dl su'liv dl Ssu'lvy
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The etf. Lagrangian for E~1 GeV

® Muon decay: [ =~ _

_(V-A) s (V-A

where... v
v = 2 [@5031):114—22* — (64 1221 — 2[@1(13)]1122—%(1221)
SR = +2[Que)o112
. v°
Oy =0y —

Colliders & flavour
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The etf. Lagrangian for E~1 GeV

® Beta decay:

where...

Vij [UR]Eﬁj - [&‘P‘P]%J

Vij - [8Llws; = — [éflq];eg'f

Vij * [SRleij = —Vim [Gqdelgyjnm
Vij - [tL]Efij - [&Eq];ﬁi '

M. Gonzalez-Alonso

NP bounds from CKM unitarity
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The etf. Lagrangian for E~1 GeV

® Muon decay: f;f_)evv (X)=...

: ff _
® Beta decay: ‘in—m‘h?, (X)=...

(See FLAVIAnet Kaon
Working Group’2008)

[(Ky) T(Py) _
(). Ty Ty |7 O (+0lenn, )

OBSERVABLES
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NP flavor structure

m Generic structure? FCNC!

(;3) =i(p'D*cp)(I y,0°1)+hc.
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NP flavor structure

m Generic structure? FCNC!

O% =i(p'D"c%p) (I_y/p'al) +h.c.

ol =
©re 1) 0 3) (3)
a,p=1
a, o, o)l
=i(e'Dc)| (I, 1, L)r,0 @y a, a,|l, ||+he

Ay, Oy oy )\
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NP flavor structure

m Generic structure? FCNCI!
O;f) =i(p'D*c%p) (I_}/#O'al) +h.c.

3
3 3 3 3
2909 = Y [29], [09],, +he.

ol
a,p=1

Structure?

=i(p'Dc’p)| (I, 1, 1)r.0l| @ |, ||+he.

m [t 1s convenient to organize the discussion in terms of
perturbations around the F'B limit...
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NP tlavor structure [« k| o @t b )
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Colliders & flavour

NP flavor structure

M. Gonzalez-Alonso

NP bounds from CKM unitarity




FB case: Phenomenology
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FB case: Phenomenology

—(3)
a,

—(3 —(3 —(3
where... Vil = 205(/(,,) + Za;q) - Zal(q)
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FB case: Phenomenology

® Therefore, all the NP are:

5 N~ —(3)
where... V. =4, —2q

_ 9703 L 9=0) _9=(0)
v =20, +2a, -2a,

® Just shifts of GF and Vij!l! (no channel-dependence)

=2 Only one place where we are sensitive to this...
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FB case: Phenomenology

® Therefore, all the NP are:

5 N~ —(3)
where... V. =4, —2q

_ 9703 L 9=0) _9=(0)
v =20, +2a, -2a,

® Just shifts of GF and Vij!l! (no channel-dependence)

=2 Only one place where we are sensitive to this...

1) - G pheno(u)
F

G pheno(SL)V__
[v..p“e“ =— L= (1+v, -7)V,

-
=)
S
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L
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FB case: Phenomenology

(170" 1) (17,0"1)

o
O = (Io"l) @0°0)
ij) =i(hT D*o%p)(l7y,0%) +h.c.,
08) =i(¢' D*o%p)(gv.0%q) +h.c.
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FB case: Phenomenology

What did we know about
them from colliders?

[ Gg-extraction from mu-decay ]

Vo) (qv.oq)
ij) =i(hT D*o%p)(l7y,0%) +h.c.,
0%) =i(p' D*o%0)(gy,0%g) +h.c.

i ;wwn(m@
= (

Colliders & flavour
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FB case: Phenomenology

What did we know about
them from colliders?

Ve

Gg-extraction from mu-decay ]

.
s N

0Y) =i(¢'Dra"¢)) (Iyuo°l)

Gauge
invariance
-
~ N
(3) eni- H5@ N Ay a

E O(roq _z'(Kf" D¥o Y’)(q /,ua Q)
o 7 2 17
é 3 Gauge h
== e invariance
o3 —
»
3 T f
= \_ L L ur, dr, )
—=
o
@)
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FB case: Phenomenology

What did we know about
them from colliders?

Ve

Gg-extraction from mu-decay ]

. (3) 7 )
0 =i(¢' Do) (Ty,0%)
Gauge
invariance
o
4 3 N
. OL) =i(¢'D'a%)(qr.0%)
o 7 2 17
5> = II
. — = G
é LEPI I . e+e _) qq e inva;ar?agnie
o —
& -
._g L qr ur, dr,
=
(@)
@
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FB case: Phenomenology

What did we know about
them from colliders?

Ve

Gg-extraction from mu-decay J

.

' (3) o4 _ N
0% =i(¢'DFa"2)) (Tuol)
Gauge
invariance
A
P
(' Doy
LEPII: e'e” > qQ i
. invariance

O(c ~10—3 Han & Skiba, ’ 104 ;
‘ (@) ‘ PRD71:075009, 2005. AO(“) 107 &

Colliders & flavour
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FB

Ay vs. EW precision measurements, | case

]

Han & Skiba (2005)
< U(3)° limit;

< 237 measurements;

< 21 parameters (QU’s);

Classification

Standard Notation

Measurement

light quark)

Rof(f =€, /,T)
Ag%(f =€, 1,T)

Atomic parity Qw(Cs) Weak charge in Cs
violation (Qw) Qw (T1) Weak charge in Tl
DIS g%. gJQR v,-nucleon scattering from NuTeV
RY v,-nucleon scattering from CDHS and CHARM
K vy-nucleon scattering from CCFR
[ v-e scattering from CHARM II
Zline 'y Total Z width
(Iepton and o0 eTe hadronic cross section at Z pole

Ratios of lepton decay rates

Forward-backward lepton asymmetries

pol Af(f=e, p.7) Polarized lepton asymimetries
be Rg( f=brc) Ratios of hadronic decay rates
(heavy quark) Agﬁé( f=b.c) Forward-backward hadronic asymmetries
Ar(f=b.c) Polarized hadronic asymmetries

LEPII Fermion

or(f=q.p.7)

Total cross sections for eTe™ — ff

production A%; g(f =p.7) |Forward-backward asymmetries for ete™ — ff
eOPAL doe/dcos Differential cross section for eTe™ — eTe™
WL3 dow /dcos Differential cross section for ete™ — WHW—
MW My W mass
Qrp sin? 92? ; Hadronic charge asymmetry

M. Gonzalez-Alonso

NP bounds from CKM unitarity

17 /22




.. FB
Ac vs. EW precision measurements | case

% U3)® limit; |

< 237 measurements;

< 21 parameters (U’s);
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.. FB
Ay Vs EW precision measurements | case

2 U3)? limit;

< 237 measurements;

< 21 parameters (U’s);
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.. FB
Ac vs. EW precision measurements | case

Han & Skiba (2005)
% U(3)° limit;

< 237 measurements;

% 21 parameters ((X’S); ~|  This leaves ample room for a

-~ | sizeable violation of CKM-unitarity
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Ac Vs EW precision measurements | case

FB

Han & Skiba (2005)

2 U(3)° limit;

< 237 measurements;

. 21 parametefs (a’S), 1

This leaves ample room for a

S|zeable V|olat|on of CKM unltarlty
£y |

ATEPT_ 4( 20 +a(3) ar +o7.<.3’) (@742910°
Angloli/I _ —(O.Ii 0.6) 102 «— 5 times more precise!

Then, let’s do it in the other way around!

Adding Ackwm to the fit will improve the NP bounds.
Global analysis > Weaker bounds on NP (cancellations);

Single-operator analysis = Stronger bounds and correlations;

M. Gonzalez-Alonso NP bounds from CKM unitarity




. . FB
Ac Vs EW precision measurements | case

4(-af+al -aP +a)=—(0.1+0.6)10"
4(-a+al -aP +a)’)=—(2.5+0.6)10°°

O Global analysis

——HEFP
HEP + A
—_— CEM

HEP + A (alt wal)
—_— CEM

A Alone
-="CEKM
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.. FB
Ac vs. EW precision measurements | case

O Global analysis

——HEFP
HEP + A
—_— CEM

HEP + A (alt wal)
—_— CEM

A Alcone
-="cEM
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.. FB
Ac vs. EW precision measurements | case

O Global analysis

o : -:‘

_- 1K
L s v

——HEFP
HEP + A
—_— CEM

HEP + A (alt wal)
—_— CEM

__A " Alcone
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. FB
A vs. EW precision measurements | case

O Single operator analysis:

[A@X@M =4(-3@ +al -2 + 2 ) =—(0.1+0.6) -10—3}

{lﬁ{x 'lﬂs)
T
=a0 il
=
ofmmmmm e
2| g -
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S
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)
oy
=
]
@)

M. Gonzalez-Alonso NP bounds from CKM unitarity 19 /22



. . FB
A vs. EW precision measurements | case

O Single operator analysis: A Aw £ 11TeV (90% CL)

Ja

[AEX.E’M =4(-3R +a) - )+§§))=—-(0.1io.6)-101 [i4ax =—(O.1J_rO.6)-1O3}

o (x 109 uﬁ} (x 10%) u'ig} (x 10%) at¥ (x 10%)
b + o n ah r'~|a o_wn ah N o N sh M @ N &
E B H ar H ar -+ 1 H < HEP data
B il hant | EEEEEREEEEEEE | EEEEEEEEETEEE | RSy
2t " 4F 08 4F & dF B - W
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. . FB
Ac vs. EW precision measurements | case

O Single operator analysis: At =B 19TV (90% CL)

Rz

[Aéxé’m =4(-FR +ald - )+§§f))=-(0.110.6)-103} [i4ax =—(o.1io.6)-1o3}

HEP data

v

M. Gonzalez-Alonso NP bounds from CKM unitarity 19 /22
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Phenomenology beyond IFB

I, Q. Gy O3

HV case... (0D o) T, |1,0% | o i |(L 1, 1)
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Phenomenology beyond IFB

E Oy O, Qg
u “V casc... i(p' Do ([Iﬂ}yﬂoﬁ[aﬂ a,, awl(le I, |

® Essentially = FB case...

The main effect will be Aqiy# 0 plus subdominant effects.

The V;; receive a common dominant shift plus suppressed channel-
dependent corrections.
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Phenomenology beyond IFB
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Phenomenology beyond B

= New Lorentz structures =» Very rich phenomenology...
0 V;; are channel-dependent;

o Possible sizable lepton universality violations; I'(R2)/T(F,.)
I'(K,) I'(K,)V,4(0 —>0)
M0mn)| T T(K)

0 Effects on the kinematical distributions;

11 Possible sizeble contributions to

Colliders & flavour
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Phenomenology beyond B

= New Lorentz structures =» Very rich phenomenology...

Masiero et al’06, 08
: : : : : : (SUSY)
0 Possible sizable lepton universality violations
. . . . . Isidori-
o1 Possible sizeble contributions to 1442  TKiz)Vil  Hou, isi?06
I'(7,) (7, Para
0 Effects on the kinematical distributions; 09
Filipuzz1-ls1dor1
(MEV, MEV-GUT)
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0 V;; are channel-dependent;
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Conclusions

® In a model independent framework we have built the low-E L8 for SL
decays, identifying the 4(9) operators that are involved;

® In the simple ~FB limit, we have been able to compare within an
effective field theory framework the CKM information with the EWPO
and check the relevance of the interplay of them.

| A= 4(-a9 +39 - +a?) =—~(0.1£0.6)10°°
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Conclusions

® In a model independent framework we have built the low-E L8 for SL
decays, identifying the 4(9) operators that are involved;

® In the simple ~FB limit, we have been able to compare within an
effective field theory framework the CKM information with the EWPO
and check the relevance of the interplay of them.
- = 5 @ 8y 103
[ACKM = (-9 +a9 - +&P) =—(0.1+0.6)10

W‘f >11TeV (90% CL)

~
J

- Message for Model-Builders:
Take into account the CKM unitarity test!

Especially if your model generates the contact term...

O = (Iy"a"1)(Fy,0%q)

=
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c
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3
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z
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©
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Thanks!
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Backup slides
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The etf. Lagrangian tor E~100 GeV

ndlz Scalars

OW’B = ((p a np)W“ B

1%

= N

0(3 P D2 O = e W

Y = (szl)(m
qu (Z’Y“l)(qwq)

1 operators:

b ()P.’.L

; ; _
O = 5 ("o 1)(y,0")

0 = (Iy*o"1)(77.0"9),
Oge = (@1 q)(EYne),
Ow = (Iv"1)(dvyud),

= (e7"e) (EVPd)

/

(ey"e)(Wyuu), Oe

0Y) =i(¢"D"p)(Iy,l) +h.c., O =i(h'D'o"¢)(l,0°) +h.c..
OL) =i(¢'D"p)(q,q) +hec., OF) =i Do p)(q.0q) +h.c.,
O =i(p" D o) (T, u) +h.c., Oy =i(¢"'D"p)(dy,d) +h.c

\_ Ope =il D")(Fr6) +hic. )

21 U(3)° inv.
operators
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The etf. Lagrangian tor E~100 GeV
A

Vectors and Scalars:
OllB (99 g QP)WR B" OH(:) - ‘SOTD,u(;DlQ ()W - Eabc WE’VM/—IE}AW;H

1%

21 U(3)° inv.
operators

mion operators:

1~ 7 : L~ o _aj\(T a
ol = —(l’y""l)(l’)f,,,l) o}f) — —w 1) (T,,0)

O = (D@ a). ('”u U @0t g
Ore = (Iv*1)(Ev.), oqe = (@"q)(@Y,¢), Of, = (l,o" €)™ (Gpo,u) + hec.
O = (V") (@y,u), Ofd—( “1)(dy,d), Ogae = (Le)(dg) + h.c.,

\Oef’_é(fy} ‘e)(Byue), O =7 e)(tyu), O\qu (l c)e ab(%u) + h.c.

4 non-U(3)>

> inv. ops
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The ett. Lagrangian for E~100 GeV
\

21 U(3)° inv.
ﬂ-Fermion operators: operators

L = (Z’T‘ "o%1)(Frue’c

O}, = (l,o"e)e™ (Gpo,mu) + h.c.

Oyie = (le)(dg) + h.c.

\ Ot @ e)Ee). On=(Ee)am,m). O Q, = (o (qbu)thc 4 non-U(3)’

/Z-Fermions b B > inv. ops
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Ay vs. EW precision measurements

O Global analysis

HEP constraint

CKM constraint

5§

o (x10%)

4(—&(5),3) +
4(—&(5,3) +

2y -aP +a)’)=—(0.1£0.6)10°
a -a? +a)’)=—(2.5+0.6)10°°

Combination
HEP + CKM
HEP + CKM (alt)
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A vs. EW precision measurements

| +4a, =—(0.1% 0.6)-10-3]

O Single operator analysis: [A>11Tev (90% CL) |
4 : T T T
E;_Z-IE‘EEI;I I ] T-
P . |
= =
— 2 '
M L1 - ¢ )
I SREE -
E_ o m m m 5 = ¢
§ e= | $ l
> _4 ¢ T
m 4
o3 < 2F _
2 = ol m ot T -
< = | [
% 1 1 1 1 [} 1 [} T [l [l 1 1 1
O = tot CKM MW Zline bc QFB pol DIS Qw hadLEPmMuLEP tauLEP eOPAL WL3
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.. FB
A vs. EW precision measurements | case

O Single operator analysis: Looking for cotrelations. ..

2821

In case of A, 70, we can 25157
immediately read off in which 251
direction other precision |
measurement should move, <) 2;:
and by how much. SN

24851 )
248

2475"

Effective v-nucleon
coupling measured o
by NuTeV -
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