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Outline

® Precision electroweak tests
of the Standard Model

® Effective operator approach
to BSM physics

® Simple examples

® Little Higgs theories




Measurement Fit
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91.1875 = 0.0021
2.4952 + 0.0023
41.540 = 0.037 41.477
20.767 = 0.025 20.744

0.01714 = 0.00095 0.01640

91.1874
2.4957

0.21629 = 0.00066 0.21585
0.1721 £ 0.0030 0.1722
0.0992 + 0.0016  0.1037
0.0707 £ 0.0035  0.0741

0.923 + 0.020 0.935
0.670 = 0.027 0.668
0.1513 = 0.0021 0.1479

171.4 + 2.1

Standard Model

agrees with the
data better than
we hoped it would.

Two discrepancies

larger than 2 sigma

are F-B asymmetry
in b production

and NuTeV result
for the weak angle.
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W-Boson Mass [GeV]

TEVATRON
LEP2

Average

NuTeV
LEP1/SLD
LEP1/SLD/m,

80.452 £ 0.059
80.376 £ 0.033

80.392 + 0.029

¢ /DeF: 1.3/ 1

80.136 £ 0.084
80.363 = 0.032

80.361 = 0.020

WV mass is known with




|) Light SM Higgs from Z line shape and cross sections alone
2) The NuTeV result pulls the fit towards larger Higgs mass
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Heavier Higgs boson can be consistent with the data if
there are (positive) contributions to the T parameter
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Heavier Higgs boson can be consistent with the data if
there are (positive) contributions to the T parameter
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Eifective operator approach

- well known for oblique corrections (S and T parameters)
- correlations between different operators crucial

- no need to compute cross sections, asymmetries, etc.

- all relevant data is distilled into the bounds on Sand T
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ﬁeff = Loy + ZCLZ’OZ'

- The coefficients a; encode the dependence on the masses
and couplings of the heavy fields.

-The operators (), contain SM field only and are consistent
with SM gauge symmetries and some global symmetries.

Buchmuller & Wyler, Nucl. Phys. B268 (1986) 621:
all operators of dimension 6 that preserve B, L

(80 such operators)




Impose flavor symmetry (U(3))"5

Consider only well-bounded operators
[Reduced flavor symmetry, (U(2)xU(1))A5, later on.]
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Impose flavor symmetry (U(3))"5

Consider only well-bounded operators
[Reduced flavor symmetry, (U(2)xU(1))"5, later on.]

80 operators
l CP + flavor symmetry

52

l some leptons or electroweak gauge fields
34

| notobservable (h'hF,, F*, (h'h)’,...)
28

l poorly constrained O;r =i (fy*D" f)F,.
2| (our basis)




a) Higgs and gauge fields
Ows = (W o*n)WS,B" Oy = |h'D,h|?

! 2

v
T = ——
2aah

b) 4 fermions (11+10)
Ofs = (A" f) (fyuf)

eg Oy = (I7"1) (@wa) O1y = (17"01) (@0 q)

c) 2 fermions, Higgs, and gauge fields (7+6)

Ong = i(h"D*R)(fyuf) + hc.
e.g. O, =i(h'oc*D*h)(fy.,0"f) + h.c.
d) gauge fields only

Ow = e W W AW



Experiments

Standard Notation

Measurement

Atomic parity

violation

Qw (Cs)
Qw (T1)

Weak charge in Cs
Weak charge in T1

DIS

92, g%
Rl/
K

g > 9x°

v,,-nucleon scattering from NuTeV
v,,-nucleon scattering from CDHS and CHARM
v,,-nucleon scattering from CCFR
v-e scattering from CHARM II

L'z
o
R?c(f =e, 1, T,b,c)
ARL(f = e, 1,7, b )
sin® 0.7/ (Qr)
Ae(f =e,p,7,b,¢)

Total Z width
eTe™ hadronic cross section at Z pole
Ratios of decay rates
Forward-backward asymmetries
Hadronic charge asymmetry

Polarized asymmetries

Fermion pair
production at
LEP2

or(f=q,uT)
Al p(f = ,7)
do./dcos 0

Total cross sections for eTe™ — ff
Forward-backward asymmetries for ete™ — ff

Differential cross section for etTe™ — ete™

W pair

doyy /dcos 6

Differential cross section for ete™ — WTW —

My

W mass




For a measured quantity X

T / N
(i/;} ) (neglect!)

1 E /v :
v A

XQ(ai) — Z (Xk (a2> -

Ok
observables X

Xi"(ai) = XM + ai X + O(a)




For a measured quantity X

T / N
(i/:) ) (neglect!)

1 E /v :
v A

XQ(CLZ') — Z (Xk (a2> -

Ok
observables X
Xi"(a;) = XM + ai Xpi + O(a3)
X (@i) = Xonin + (@ — @) Mij(a; — a;)

a;, M;; are constants determined from experiments
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X° = Xonin + (a; — ;) M, (a;

M ; only depends on the experimental
errors, and would change if precision
of the data improves

depend on the SM predictions,
central values of observables,
and experimental errors




W’ from SU(2)xSU(2) broken to the diagonal SU(2) L
) f
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Kinetic mixing between hypercharge B and Z’

1 |4 1 |4 )\ |4
L= —BuB" — 2 X X" + T B, X"

4 4

B X B

)2 2 (Related to the Y parameter
eff = 773 (0" B,.) introduced by Barbieri,
A Pomarol, Rattazzi, Strumia)

0.2 )2
1 TeV

L

0.7 .,
(1 TeV) = M5

<




Generic Z’ boson
/7 d h

Constraints from individual measurements:
I'"— Mz >09 TeV, 'y - Mz > 1.2 TeV

AER — M, > 1.0 TeV (Assuming

e
9z%h = €, §z2f = ig )

Global analysis: Mz > 2.2(2.4) TeV




An extra vector-like doublet of quarks

L=—MQQ — \gQdh — \,Quh + h.c.

~
h ™~
~
N~
N\
N\

u, d @,

A2 A2
Lesr = 57730ma = 57750mu  yields 95% CL bounds:

A2 22
0. 036 — 0. U < 0.032
0.093 < 2% < 0.036 —0.083 < 24 < 0.03

(Assuming universal

family couplings)




x U(1))* — SU(2)

Littlest Higgs: (SU(2)
Contributions from
scalar triplets: ay,
Z’ bosons: ah,ahf,aff
W’ bosons: ahf,aff
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Antisymmetric
condensate LH:

Contributions from
Z’ bosons: a?aa}i{aa;f
W' bosons: ay, ¢, 0y

tanb
10 ¢

(SU(2) x U(1))* — SU(2) x U(1)




Simplest Little Higgs: SU(3) x U(1) — SU(2) x U(1)
Contributions from
gauge bosons: Qh; Ay, Ay

.
and fermions: ay, ;, ay,;

\/

0.5 1 1.5 2 2.5 3
d d
)\1 <K )\2

- £,/1%;

My

t

TeV)

0.5 1 1.5 2 2.5 3

d d
A < X

(Two different ways of arranging down quark
Yukawa couplings.)

- £,/1%;

Z.Han
PRD73,015005




Little Higgs Models with T parity (H.-C. Cheng+l. Low)

Loop contributions
to Sand T and to
4-fermi operators

(Ratio of Yukawa couplings)

500 750 1000 1250 1500 1750 2000
f (GeV)

Hubisz, Meade,

Noble, Perelstein;
JHEP 0601:135




Summary

Standard Model works extremely well placing
constraints in several TeV range on new states

No substantial improvement of EWV data anytime
soon

Effective Lagrangian approach to “global” analysis
is possible, easy, and useful

Lots of interesting models within the LHC reach










