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» Currently, no signs of new physics (NP) at the LHC.

» The Standard Model (SM) is a good approximation at
the weak scale.

» Heavy new physics effects can be captured by higher
dimensional operators.

» Precision measurements of the Z- and W-pole
observables can probe high energy (LEP and other...).
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INTRODUCTION

Working assumptions:

Poincare invariance (Lorentz+translations)

Linearly realized SU(3)xSU(2)xU(1) local gauge
symmetry broken by Higgs doublet

New physics at heavy scale, use dimension 6 operators

Do NOT assume any flavour structure

Leff z LSM i iLDZG’ LDZG 2 Z CiOi
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Y. Soreq 3 ECE-eeH




THE FRAMEWORK

consider only Z and simple etfective Lagrangian

W pole observables (basis independent)

correction to mw
2 )

(97 + g3 )v° g v s
e - A LT (14 26m) WIW;

b = N O T o e, Y e e

f€Eu,d,e fEu d
e % (W,jﬂ&u(]l + 69y OVexmd + W as,dgp ‘dr + W, 06,(L+ dg) e + h.c.)
A e il e el S e
reude, feeue de e _
cofrections to the corrections to the Z couplings
W couplings

any dimension 6 set of operators can be mapped to this Lagrangian
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the framework and fit results
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THE FRAMEWORK

SU(2)xU(1) invariance of the NP implies:
% e Wq - u
691" = 09L° +gr, 595, =00~ ag;

the EFT dimension 6 operators effects on the W and Z pole
observables can be parameterized by
om, 697°, SR, ogr ', OgL", OgR", d97", OgR", dgp "
e e
3X3 generic matrices

different flavour models predict relations
inside and among them

- : ; : consider different
fit for 5¢’s map to dimension

6 specific basis Hayac niaet

(alignment, MFV, EN)

(model /basis
independent)
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THE POLE OBSERVABLES

Fit inputs: Gr, mz, a(o)

receive corrections at order 6¢
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THE POLE OBSERVABLES

Fit inputs: Gr, mz, afo)
12 T(Z — ete )YI'(Z — qq)

Z-pole: 1, = zf:r(z S E R Thad = g T2
>, Lz > aq) ['(Z — qq)
i ¢t = — ., g=0b,c
Y o
= I'(Z = uu) + I'(Z — cc) N GEE T Gh
uc — 2 it —
22 L7 4q] 97 'snm)? + (985sm)?
(7 fE = T2 f

P{Z — f7)
3

AI;B = ZAeAf’ =g -b¢

receive corrections at order 6¢
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THE POLE OBSERVABLES

Fit inputs: Gr, mz, afo)
12 T(Z — ete )YI'(Z — qq)

Z-pole: 1, = zf:r(z S E R Thad = g T2
> Lz qq) I'(Z — qq)
= f e — —, g=0>b,c
Y o
= I'(Z = uu) + I'(Z — cc) N G o
uc — 2 tt ==
22 L7 4q] 97 'snm)? + (985sm)?
I'(Z ) 17 f
Ptz o 7))
AI;B = ZAeAf’ =g -b¢
> (W — cs)
W-pOlE: mw , Lw b I'(W — cs) + (W — us)
_ Wqs ; Waqs
BR(W — fv), L=¢e,u,T Re =91, " /9L0,5m

receive corrections at order 6¢
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THE POLE OBSERVABLES

The pole observables are not sensitive to:
CPV, flavor off-diagonal
69rV1- does not interfere with the SM enters only at higher order

One linear combination of the first generation quarks - flat direct

29

5AZu S Zu e, Y 5 Zd :

097" ]11 = [0g91 "] 11 397 +g%[ 9z 111

602 = 897D ~ 5y Bofhn, (867" = 1097 %1 = 1665 ] = 0
L T 9y

: 397 — g3
5 Zu 20 Zu e L Y Zd
[ JdRr ]11 [ JdRr ]11 2(39% +g§)[ JdRr ]11

27 different observables

3X7+1=22 parameters -1 flat direction = 21 parameters to fit
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THE FIT BESULEL

om=(26+19) x107* W mass

—0.34 £ 0.30 5% 198
6g7¢);i = | 0.254+0.70 | x 107 6g4¢);i = | 0.17+0.87 | x107°
0.07 & 0.55 0.24 + 0.61

—1.01 4 0.64
697 ¢: = | =1.37+£0.59 | x1072 Z to vv same order
1.98 + 0.79
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THE FIT RKESULT

om = (2.6 +1.9) x 10~*

—0.34 £ 0.30
6g7¢);i = | 0.254+0.70 | x 107
0.07 & 0.55

—1.01 £0.64

ldgnelei=A 1 37 £0.:59
6G4%)11 194124

0gZ%)92 | = | —0.174+£0.28 | x 1072
5g%%]33 —0.4+ 3.8

09711 —2.34+4.7
[6gZ%20 | =qC1.44+4.17) x 1072

Zel 0.21 +0.11

1.98 = 0.79

0gi = (
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097 11
[59}%?22

—0.03 = 0.28
0.17 = 0.87
0.24 4+ 0.61

=)

4.1
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mapping to flavor models
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THE NON UNIVERSAL €FT

1
_ rSM D=6

),

Operator flavor StZI'UCtUI'e

One ile, (H' D, H LxL
0., | iloiseH ' D H L1
Owe | ieo, &HID.H ExE
Owg |  igo.qH'D,H QxQ
O%, icjaiauqHTJiﬁMH Q xQ
Ome | o, a°H'D,H U x U
Oma | id°c,d°H'D.H Dx D
Or (H TEZ H ) 5 universal
Owg | grgyH'o'H W;VBW universal
Oy, —4(v,0,1)(€0,V¢) specific




THE NON UNIVERSAL €FT

[feff £, £SM ‘o /U_]‘QED:(S, LD:6 o Z CiOi

Operator favor structure I GSLﬂting bounds:
One _iZ&MZHTZH LxL = 10~ 10
' | ilois 0HT D H il

Ope iecauéCHTﬁH ExE Anp/gnp 2 2,8 TeV
OHgq i@&uqHTﬁuH Q X Q) BUT

Ol iqgi(_’uqHTgiﬁuH Q@ XxQ o
0 o DN o from flavor precision

U v v

Omd id°o,d°H Tﬁ“ H D x D NP at the TEV scale
Or ( Hfﬁ“ H) - s cannot have anarchy
Ows | grgy Hic'HW' B, e ﬂaV(.)r. structure

o, —A(D,6 1) (€5 e ) specific (meson mixing, rare decays)

(in Warsaw basis)

some alignment with the SM (or universality)
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ALIGNMENT

the higher dimension operators are aligned with the masses:

right handed current: can be aligned simultaneously to the up
and down sectors = no right handed FCNC

left handed current: can be aligned to the up sector or to the
down sector = left handed FCNC suppressed by CKM

no special relations between the diagonal elements

CHuw , CHJ - dlagonal

V' - CKM
/ di
Cg{)q ~ upbasis  down basis Ggrdiagona
up-alignment Q i v  Kaonmixing, B mixing
down-alignment Ve o Qu charm mixing, top FCNC
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ALIGNMENT

(ci)a b =107

1l ~v

up-alignment: problematic with Kaon mixing, ok with B-mixing

down-alignment: charm-mixing can have only coupling to third
generation, ok with top FCNC



MINITMAL FLAVOR VIOLATION

the SM has approximate flavor symmetry of (at the limit of
vanishing Yukawa):

SU(3)oxSU(3)uxSU(3)pxSU(3)LXSU(3)E

assume that at the terms are formally invariant under this
approximate symmetry

all flavor violation are a result of the SM Yukawa

c%) | c((;l) =7 cé’Q) YuYJ -+ ngl?z YdYJ

FCNC are suppressed,
CH :C1—|—CQYTY i ; .
o - e deviations from universality
CHJ = C4q1 + Cd2YdT Y, are hierarchical

(mainly 3rd generation)
e =& +evey} -
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Grzadowski et al. 1008.4884: Falkowski/Riva 1411.0669; Pomarol/Riva
1308.2803; Elias-Miro et al. 1308.1879; Willenbrock / Zhang 1401.0470;
Ciuchini et al. 1410.6940; Eillis et al. 1410.7703; Han /Skiba hep-ph/
0412166; del Aguila/de Blas 1105.6103
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SUMMANRY

e We derive the model independent bounds form the Z and
W pole observables on dimension 6 operators without
assuming flavor universality.

e There is one flat direction, related to the first generation
quarks (not measure asymmetry).

e The deviation of the Z couplings to top and strange
quarks can be up to 10% of the SM value, much weaker
bound than the other coupling.
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THE POLE OBSERVABLES

Observable Definition Observable Definition Observable Definition
'z [GeV] > . I(Z = ff) A [(Z—ejer)-T(Z—eger) gL U
f 2 et mw |GeV L (1 4+ om
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