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Outline

® Introduction: Semileptonic decays of light quarks;

m Effective operators analysis to make contact with collider
physics;

® Simple tlavor structure: MEV
2 (1% row) CKM-unitarity test.

m General flavor structure:

- Example: neutron beta decay;
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Introduction

{
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® Semileptonic decays of light quarks...

0 Theoretically errors below 1%;

0 A lot of precise experimental data;

B Usefulness:
0 In the SM... GV, are extracted;

Pheno 2011

£d—ru£_ﬁf = —lfL’}’pu -uyHdp,

For cxﬂmplﬂ. »

- \
V. =0.97425(22)
v =0.2252(9)

-3
'\hVub ~10 o

(Hardy & Towner, 2008)
(Antonelli et al., 2009)
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Introduction >‘M<

For cxﬂmplﬂ. »

® Semileptonic decays of light quarks... -

>
V. =0.97425(22)

0 Theoretically errors below 1%;
V. =0.2252(9)

0 A lot of precise experimental data;

3
¥, ~10 )
m Usefulness: (Hardy & Towner, 2008)

(Antonelli et al., 2009)
0 In the SM... GV, are extracted;

0 Beyond the SM.... |g|<<1
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Introduction P ardad

® Semileptonic decays of light quarks...

0 Theoretically errors below 1%;

0 A lot of precise experimental data;

m Usefulness:
0 In the SM... GV are extracted;
0 Beyond the SM... |€|<<1

~ | Can they be

= How can we compare with collider bounds considered EW

2 Model-dep. €Zmodel-indep. analysis! > precision
observables?
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The eft. Lagrangian for E~100 GeV

> .......... < it o - L7" (x) = L(SM-fields, bSM-fields)
Buchmiller-Wyler’1986,

-l' l' l l l, Leung et al.’1986
X ~ 100 GeV LT (x) = £5M(x)+_£[(x)

( e EHEH}QW(”)

BW list: 59 operators;

“Only” 25 contribute to...

- EW precision obs.;

Pheno 2011

- Muon & Beta decays;
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The eft. Lagrangian for E~1 GeV

>./WV< ~100GeV | sM L(x) = Loy () + fﬁ(x)

[f(a)—E{IO(I}]

(Cirigliano, MGA, Jenkins.
Nucl.Phys.B830, 2010)

QfﬁlTﬂIGem

fjf (x) ‘Eej,fﬂf( )+ e*fﬁ’:.'lf(x)

iﬁ'—‘-‘fﬂ-'”lr"' [ ¥ Rl = W H—=evy
X ~ GeV Fermi
fff . (.I') £E,f,f?'lf (X)+ £Lf_ﬁ"’i"|f (x)

d' —u d! —=u'lv d'! —=u' v
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The eft. Lagrangian for E~1 GeV

® Muon decav: _ S
X u —evy,

g’ (V-A) » (V-A) P riein
Lf-i{evv (x) = [(1 i vL )(ELY;: el )(V#L}’pi'u‘.[. ) 3 S (E VEL )(V.u:.{. ﬁﬂ ] + k'c‘ ?

N 2my, I
where. ..

bl

v = p [ﬁi ]11+22 = [ﬂu ]1221 - 2[“{{ ]1122 é(lzﬂ}

” Vz
HX ﬂf F

(Cirigliano, MGA, Jenkins.
Nucl.Phys.B830,2010)

—r

SR = +2(Auel2112 ,

Pheno 2011

M. Gonzalez-Alonso Interplay of beta decay tests & colliders 4 /13



Pheno 2011

The eft. Lagrangian for E~1 GeV

B Beta decay:

d’ —u'lv

p

(V-A) o (V-A)

(1+FL)(HLy”dj)(lLy VIL)"'VR(“RTHd )1y VIL)

(V+A) o (V-A)

o g? (S-P) F+F) ES-I:P) + (5+P)
df_,uhﬂ(x)— g Vi | 8, (upd)(gv,,) + s, dy)(Lv,,) t+h.c.
W
(T-T°) o (I-T")
G +1, (0" d] ) (10 ,,V),)
Vis  [ocless = 2Vis [68)] +2Vim [60],, — 2Vim [
where... o " b
Vij * [VRlgei; = — [”wJ”
Vi - :SL:HF_;' - [”w.wuj
Vii - [SRlei; = —Vim [Oqde]ggim
Vis - te)es; = — [Gla) gesi - (Cirigliano, MGA, Jenkins.

Nucl.Phys.B830,2010)
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NP flavor structure

¢ oy Gy Oy
a |V | Gy Oy oy (‘L I;r Jrr)
Oy Oy Oy

|

Pheno 2011

M. Gonzalez-Alonso Interplay of beta decay tests & colliders 5/13



Pheno 2011

NP ftlavor structure
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Flavor blind case: [ - J[

g
Lifievv (x) = [(1"' v ey Ve )WV Y )+ 5, (e VEL)(VHLIU”R)] t+ h.c. ]
W
where... 4_m 20z,
d —u'lv

andlll m——

1+ Vr )(”Lj’#dj )(ILV;; i)t Ve (”R}’”d.é )(IL},;;VIL )|
2 7 ,  — : ——
E 55 (%) = ml N+, @pd (v, + s, @, d)(v,,) + h.c.
§:| W
& — Y 1i5fFT
é‘j \ _+.e‘_,L (u,0" d;)(lﬂﬂwvu_) | /

where... [v, ]”” = 25(1}+2—m 2(?‘,':;’}
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i hy Oh 1
Flavor blind case: [ - J[

Lffim [(1+vL)(€J,...,VEL)(VM ) ST ]+h£-}
ol 4—["!-} ZC_EI,{IH
d —u'lv

) : =

(L+v, )@y "d) Ay, vi) + v, LTIy, )
Ly ) = >V, | ot D) + ST AT, ] +he.
\ +1, M&’L) /

where... [v, ]”” = 25(1}+2—m 2(?‘,':;’}
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Flavor blind case:

@ ey V)V, Y.l )Mﬂ )] + he.

s h [} T
ol ; _4ﬂ,m 2‘:—!#{;33 [G}? eno(u) s G};-}(].+VL)

J ¢ i
- R
”LV dﬂ)(fzygvu)"'vM)
g

f f - — i1 AL D
'Lz”—ruff(x) mz V, | ety + SOEeREET ] + h.c.

W

_ +IL(M ( Gphenﬂ(SL)

where... [v,],, =2a&$ +2al) -2a”
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Flavor blind case:

where...
~ —m —(3)

=2a,, +2a,) - 2a,

B Thus, all the NP are:

® Just shifts of G and V! (no channel-dependence, no new I'Fs)

=>» Only one place where we ate sensitive to this...
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Flavor blind case:

where...

73 _og®

® Thus, all the NP are:  [Grhemd - GO L5 )| 5 - 4a ) - 2@,

pheno(SLYy _ —(0) —(3 —(3 —(3
GF = GF (1 + vL) UL = 2{1;1;} + Zﬂéqj - Z{IJE{]

® Just shifts of G and V,!I! (no channel-dependence, no new FFEs)

-> Only one place where we are sensitive to this...

H . HGW WE]_]. kIlGWﬂ iS &(‘I{hl‘? }! . I__'"f"'é..‘ﬂl". wl‘v“’m' . 0"
S ‘ o Patd
2 v, =0.9742522) =
U G =t
> Vs =0.225209) ) [ﬂm = —(0.120.6)- 10 J | “\% a9
oy !
Vs ~10 P | v

e 0975
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= - _What did we know about them from EWPT?
(h“r:r“’l) (Iy,0%)
H

_ om,ea
=i(h'D*o%p)(ly,0%) +h.c.,

i(p' D*o%)(Gyu0%q) +h.c.
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A(I

B

V8, EWPT

AEff

ANP

Ja

=11TeV (90% CL)

- ‘ - " \
(3) -t aa, . = : . =
| (Jaﬂ :.ﬂ{?’fﬂ.ﬁ!n:?}}“m{,},n” (}S}] :!(&:JFD“HH“::}(@?;JI“Q}
G-extraction 5 7
— e F - 4
from mu-decay o2 Gauge 2 h 3 Gauge i; V
. & oo invariance S h invariance
. == =B
. ™~
"':.I 4.-; . f'j / ~, 'U.f_ il ™~
= : ' ks ur, I
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ACI

e VB, EXWPT A% =2ae S 11Tev (90% CL)

Ja

-
= ' . o 2 1
™l (3) . {r a8, \\{ T ~8 . : e
E (J;; =1(¢ L‘wnt‘r}}“ fu@ ” ()i:f]] :3(&:+D#gﬂ“ﬂ:}(qw;1gﬂq}
2 G-extraction 5 S 7
e . - - ¥
¥ from mu-decay Z ¢ Gauge 3 " 3 Gauge e W
| /5\ | invariance S h invariance
, o — @
f::/ 4; :‘x. 7. / \\H N f//ﬂ_ k“‘\\\‘
. L L T ' 173 d;
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>11TeV (90% CL)

Pheno 2011
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>11TeV (90% CL)
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(General flavor structure

E{Beyond MFV.. ]

£ Ly [V = HE =4y, (7 + H - 4)
“ed 2my, 7 | +5,(S = P)(S + P)+5,(S+P)(S+P)+1,(T-T')(T-T")

-

# New Lorentz structures =2 Very rich phenomenology...
O Vii are channel-dependent;
o New hadronic form factors;
21 No Han-Skiba analysis for other EWPT

Pheno 2011

= Example: neutron beta decay.
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Example: neutron beta decay

i Ax = Qx,/gl.'
O After hadronization... A = Aa(l = 2vg)

— Vud gv (l + v + -r.rR]) EL’}-'puEL -ﬁ(’}-“ — /\A"}f'”’}*g,) n

+}‘S[£L 3 -ER] ERLJ’EL : j[_}'.f.! 5 QAT[t_LJ ERG-;WUEL ﬁR{T‘uyHL

m [v; tvy] @ CKM-unitarity tests*...
m [s; +sz] and [t;] =P correlation coeff. (angular distribution), giving us

access to three new etfective operators of our list:

(']}q - {"Tf!”‘”!'r'}F”h{qfi”pu”} -+ ]].{"

Pheno 2011

Ogde = (fe)(dq) + h.c.,
O = (i'_,f;-r*}f"’“(r}htr} + h.c.

*The lattice value of g, is not precise
enough to give strong bounds on vg
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Example: neutron beta decay

i Ax = Qx,/gl.'
O After hadronization... A = Aa(l = 2vg)

m v, +vg] -> CKM-unitarity tests*...

m [s; +sz] and [t;] =P correlation coeff. (angular distribution), giving us
access to three new etfective operators of our list:

(']}q - {"Tf!”‘”!'r'}F”h{qfi”pu”} -+ ]].{"

... only if know the new hadronic FFs!

Pheno 2011

Ogde = (fe)(dq) + h.c.,
O = (i'_,f;-r*}f"’“(r}htr} + h.c.

*The lattice value of g, is not precise
enough to give strong bounds on vg
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Example: neutron beta decay

m Lattice determination of the scalar and tensor FFs;

® Precise experimental measurements of the b and b, parameters:

(1t direct experimental measurements expected soon!) (Ultra)cold neutrons...
E,~107-102 eV!!!

dr 0 J [,p p
e e v
SERD i 5 | e
Ar=8.5 TeV Ar=5.5 TeV M=17.5TeV MAr=T7.8 TeV
| } 0004 o B S
omst J|B+-b| < 107 ] ooosk [1B1-bI < 10+ :
ootof f bl < 10° —Ms=1.7TeV | Ib] < 10 «— Ns=34TeV

‘dbr =26 (2.6)+10? _ 0002F] e = 2.6 (2.6)+ 102

i ok —Ae=34TeV o 0.001 | e As=55TeV
: 0.000 |

= e : .
ﬁ —0010} —00LE

g 0015 =002 ‘

u i 1 i PR R I —— ke i i i i i 1 ] _Dm] . 1 . . i N 1 I
ﬁ =0.0010 =0.0005 0 0000 00005 00010 —0.0004 —0.0002 0.0000 0.0002 0.0004

£T £T (Preliminary resulta)

(Work in progress, in collaboration with...
Bhattacharya, Cirigliano, Cohen, Filipuzzi, Grasser, Gupta, Lin)
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Example: neutron beta decay *’<

O Interplay with colliders... just an example...

® Let’s assume we observe a resonance in the channel pp —>e€V

L = g Qd°S + gru°QS* + qie°LS

S ~ (1,2,-1/2)

® Could it be a scalar resonance?
0 It could, but it’d imply a deviation in the neutron correlation coeff. wrt SM.

0 Conversely, the precise measurement of neutron correlation coettficient rules
out part of the parameter space (M, O) for a scalar resonance at the LHC.

Pheno 2011

Nice interplay of two

experiments separated for so

] T
(Work in progress, in collaboration with... riany: orders of magmtudes... :

Bhattacharya, Cirigliano, Cohen, Filipuzzi, Grasser, Gupta, Lin)
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Conclusions

® Semileptonic decays of light quarks are EWPO.

® We have studied them in a “model-independent” framework, identifying
the 4(9) operators involved.

m Fl blind NP:
vor b [ Bxu=4(-G9+@ -a +a@) =(0.120.6)10"

) 0 = (Ih"0°1)(77,0%)

® General tlavor structure NP: Rich phenomenology.

o Example: neutron beta decay gives us

O] =

g = {E!n-.im } uh(fb yu”} +ll.L’.

access to scalar and tensor interactions

(exp. 0.1% =» >1 TeV)

Ogde = (le)(dg) + h.c.,
O = (f_ﬂf )e®®(Gyue) + h.c.

Pheno 2011
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The eft. Lagrangian for E~100 GeV

Vectors and Scalars:
Ows = (¢'o"o)W5, B OP = |p!Dyp?  Ow = e WIWAWSH

Jits

21 U(3)° inv.
operators

ﬂ-Fenniun operators:

0!’ = I(Tw)(h,,n O} = i(h“nﬂn(ﬁ-,ﬂ"z}

0. = (VD@ng), O = (7o) (T@vuo°all

lg
(JJE “ i )({ L }* {):;f' — {{fﬁ"#fﬂ ({J .l"._u'fj)‘ B B
Oh: — {F J” “'F.%l'_u “}* ()M - [:Eﬁ.fﬁ”{a’ﬂ:d)f (}f_nh — (h')("hf T h.e.,
1 al
\ Ou=5@")Ee), Ou=(@re)(yu), A= L)) the.
= 4 non-U(3)5

/ 2-Fermions + V + S: N > inv. ops

oY) = a(;i’D“ 0)(Iul) +h.c., OY) =i(htD*a%p)(Iv,0%) +h.c.,
)(@uq) +hec., OF =i(¢"D"o%p)(g1.0%¢) +h.c.,
O,. =i(p' D*p)(Ty,u) +h.c., Oq s{g'D[ J

Colliders & flavour
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The eft. Lagrangian for E~100 GeV

21 U(3)5 inv.
operators

Kﬁl:Fenniun operators: \

Oyde = “t‘ ]I{ch} + h.c..
O, = (1.¢ }If‘”hl[r},,u} + h.c.

g Sy

/ 2-Fermions +V + S:

4 non-U(3)3
inv. ops

Qi) =i(p' Do) (q7,0°¢) +hg
_

M. Gonzalez-Alonso NP bounds from CKM unitarity
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Colliders & flavour

FB
case

Aciy vs. EW precision measurement

‘ Han & Skiba (2005) ‘
< U(3)° limit;

<+ 237 measurements;

O | parameters (EIJS);

Classification |Standard Notation

Measurement

Atomic parity

violation (Qw )|

DIS

Qw (Cs)
Qw f_'ff" )
ai . 9%
R
"

W 9o

Weak charge in Cs
Weak charge in 11
v, -micleon scattering from NuTeV
v,-nucleon scattering from CDHS and CHARM
v-nucleon scattering from CCFR
v-¢ scattering from CHARM 11

Zline
(lepton and
light quark)

1z
T

Et}[f:i.ﬂ.:’]

_-li:‘};{f =, i)

Total Z width
eTe” hadronic cross section at Z pole
Ratios of lepton decay rates

Forward-backward lepton asvmmetries

pol

Af(f=e,u, 1)

Polarized lepton asymmetries

he

(heavy quark)

R;(f = b.c)
—lgﬂ{f = b, c)
.-'lJr[f = b. )

Ratios of hadronic decay rates
Forward-backward hadronic asymmetries

Polarized hadronic asyvmmetries

LEPII Fermion|

|}I‘1.t{|m'tiull

oe(f=q.pn,7)
ALp(f = p.7)

et I

Forward-backward asymmetries for e™e™

Total cross sections for e™e™

eOPAL

r.lre‘]',.}.-“}fi'ur-: “
dew [dcosd

L.!ru'

Differential cross section for ete™ — ¢

Differential cross section for eve™

W mass

.« 9 alepd
sin< @ "

Hadronic charge asymmetry

M. Gonzalez-Alonso
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Colliders & flavour

FB

A Vs. EW precision measurements (case

| Han & Skiba (2005) |
% U3)S limit;

< 237 measurements;

o 21 parameters ({fs); l

This leaves ample room for a
sizeable violation of CKM-unitarity

—

T
([ pEr-i -4(-al +al -al +ay )=-(4.7£2.9)107

\_ Aggﬁ = —(U. | iﬂ.ﬁ) 1 0'3 '—l 5 times more precise!

4

Then, let’s do it in the other way around!
Adding Ackwm to the fit will improve the NP bounds.
Global analysis 2 Weaker bounds on NP (cancellations);

Single-operator analysis = Stronger bounds and correlations;

M. Gonzalez-Alonso NP bounds from CKM unitarity




5 FB
A vs. EW precision measurements  (case

4(-a+al -a? +a)’ )=-(0.1£0.6)10"
4(-a +al -a’ +a )=—(2.5+0.6)10}

O Global analysis

(alt val)

Colliders & flavour
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Colliders & flavour

A vs. EW precision measurements

FB
case

O Global analysis

[ 4( ﬂﬁ’ +{x{3’

4(-a) +al) -a

a” +a;")=—(0.1x0.6)10">

{31 iz Eft;ﬂ}

=—(2.5+£0.6)10

|

(alt val)

M. Gonzalez-Alonso

NP bounds from CKM unitarity



Aq i vs. EW precision measurements

| +da, = _(0.110.6)-1{]‘3:
O Single operator analysis: ( A>11TeV (90% CL)

4 T L | T T T | T T T T qr T
. e
,a; 2r- E = I -
X o[ @I $ $ &
o ™ T ¥ _
: I 2 |
-2 H T T T T T T T
o 2 I ;
= - $
3 ok ': m =
8 o .
l-.ﬂ -2 ¥ -
_2 i il
- - T T
T . *
— 3 ¢
X, 0 m m E o I .
H ﬁ‘l ——
: -.--: _..2- =
S T
z 4 a
r:: 4
4 < 7 :
W - :
5 x o @ o, = T e
= i
= “'"Ei —al . -
% _4 L i L 1 L L 1 T 1 1 L L L
&) tot CKM MW Zline bc QFB pol DIS aw hadLEFmulLEP tauLEP aODPAL WL3

M. Gonzalez-Alonso NP bounds from CKM unitarity
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