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Plan

@ Effective field theory approach
to physics beyond the SM

@ Synergy between Higgs data
and electroweak precision observables

@ Current precision constraints



Where do we stand

@ SM is a very good approximation of fundamental physics
at weak scale, including the Higgs sector

@ Theres no sign of new light particles from BSM

@ In other words, SM is a good effective theory at the
weak scale

@ In such a case, possible new physics effects can be
encoded into higher dimensional operafors added to the
S\Y

@ EFT framework offers a systematic expansion around the
SM organized in terms of operator dimensions, with
higher dimensional operator suppressed by the mass scale
of new physics



Where do we go

@ EFT comes with many free parameters. But in spite
of that it predicts correlations between different
observables

@ Framework to combine constraints on new physics
from Higgs searches, electroweak precision
observables, gauge boson pair production, fermion
pair production, dijet production, atomic parity
violations, magnetic and electric dipole moments, and
more...

@ In case of a signal, offers unbiased information
about new physics



Effectlve Fleld Theory
approach to BSM phy51cs



Effective Theory Approach to BSM

Basic assumptions

@ No new particles at energies probed

by LHC

@ Linearly realized SU(3)xSU(2)xU(1) i ;172( 0 h . )
local symmetry spontaneously broken Wterncitively
by Higgs doublet field vev nen-linear Lagrangans

eon'th derivadive expans I ON

@ Later, more assumptions about
approximate global symmetries (for
practical reason only)



Effective Theory Approach to BSM

Building effective Lagrangian

@ If coefficients ¢ of higher dimensional
operators are order 1, A corresponds to mass
scale on BSM theory with couplings of order
1 (more generally, A ~ m/q)

@ Slightly simpler (and completely equivalent) is
to use EW scale v in denominators and work
with small coefficients of higher dimensional
operators c~(v/A)"(d-4)

1

1 - -
off = Lanm + —£D_5 + —'2-£D_6 + ...




Standard Model Lagrangian

1
= - —W2 - — B,
SM 492 Hv,a 4g p,l/‘l 4g

+7'Zf‘7uDuf+z Z feouD ufc

f=q,£ f=u,d,e
—HqY,u® — H'qYyd® — H'Y e +hec.
+D, H'D, H + m%H' H — \(H'H)?

Some predictions at lowest order

Z and W boson mass ratio related to Weinberg angle
Higgs coupling to gauge bosons proportional to their mass squared
Higgs coupling fo fermions proportional to their mass

 Triple and quartic vector boson couplings proportional to gauge couplings

4 // Z‘/[&S e prea//‘C’/Z‘ 1oNnS C.arn 5@ perfaréea/
Ay /7/:9/7<9r -—-a///r/ené /ona/ operaf ors



Dimension 5 Lagrangian

@ At dimension 5, only operators one can construct are so-
called Weinberg operators, which violate lepton number

@ After EW breaking they give rise to Majorana mass terms
for SM (left-handed) neutrinos

@ They have been shown to be present by neutrino oscillation
experiments

® However, to match the measurements, their coefficients
have to be extremely small, ¢ ~ 10”-11

@ Therefore dimension 5 operators have no observable impact
on LHC phenomenology



(62// A/l 5/‘&@@5 /ooSe)

Dimension 6 Lagrangian

o ®
oy
= Higgs
=llelf interactions 2-fermion -
m’r.era.c’rlons with gauge Yukawa 4-fermion
with itself b s interactions operators

1% Self- 2-fermion 2-fermion
interactions of vertex A dipole e.g.
gauge bosons corrections operators

0. =lo'e,  H o' D, H




EFT approach to BSM

® Generally, EFT has maaaaany parameters

@ After imposing baryon and lepton number conservation, there are
: ; Alonso et al 1312.2014
2499 non-redundant parameters at dimension-6 level

@ Flavor symmetries dramatically reduce number of parameters

@ E.g., assuming flavor blind couplings the number of parameters is
reduced down to 76

@ Some of these couplings are constrained by Higgs searches, some
by dijet measurements, some by measurements of W and Z boson
production, some by LEP electroweak precision observables, etc.

@ Important fo explore synergies between different measurements
and different colliders to get the most out of existing data



EFT approach to BSM

Buchmuller,Wyler
Nucl.Phys. B268 (1986)

First attempt to classify dimension-6 operators back in 1986

Grzadkowski et al.
First fully non-redundant set of operators explicitly written down i sl
only in 2010

Operators can be traded for other operators using integration by
parts and equations of motion

Because of that, one can choose many different bases == non-
redundant setfs of operators

All bases are equivalent, but some are more equivalent convenient.

Here I stick to the so-called Warsaw basis. It is distinguished by . owski et al.
the simplest tensor structure of Higgs and matter couplings 1008.4884

Other basis choices exist in the literature, they may be more
convenient for particular applications, or they may connect better

to certain classes of BSM model see e.g.
Giudice et al _hep-ph/0703164
Contino et al 1303.3876



http://arxiv.org/abs/1303.3876
http://arxiv.org/abs/1303.3876
http://arxiv.org/abs/hep-ph/0703164
http://arxiv.org/abs/hep-ph/0703164
http://arxiv.org/abs/arXiv:1303.3876
http://arxiv.org/abs/arXiv:1303.3876
http://arxiv.org/abs/1303.3876
http://arxiv.org/abs/1303.3876

EFT approach to BSM
In khis kalle:

Assumptions
@ I'm taking into account coefficients of dimension-6 operators at the linear level

@ I'm assuming flavor blind vertex corrections (more general approach left for future
work)

@ Restrict to observables that do not depend on 4-fermion operators (more general
approach left for future work)

Goals

@ Identify which combinations of dimension-6 operators are constrained

@ What do these constraints imply for Higgs physics at the LHC



 between Higgs and EWPT



Dimension 6 Lagrangian Yaiae

=0 =cy0"(H'H) 0, (H'H) — cs (\HH()

Higgs couplings

@ First operator OH shifts kinetic
term of Higgs bosons

@ After normalizing Higgs boson field
properly, universal shift by cH of
all SM Higgs coupling fo matter

@ Second operator O6 modifies Higgs
boson self-couplings

h —(1—cy)h
h o vrbpr— h o
;mWWu W, —2(1 - cH);mW

h h
m%2,2, —(1 - cH);m%Z,,Z,‘

honsf 16 =1 - cx)imsf £

v




Dimension 6 Lagrangian
v o =caw €W WLPWIH + Caw 7" W VW] PW S H

+cac facha lelipGu. i 53G’ facha VGSPGCN

@ Induces new (not present in
SM), 3-derivative coupling
between charged and neutral

gauge bosons Triple
@ New sources of CP violation at Gauge
dimension 6 level Couplings

2

rac =ie (Wi W, = Wi Wh) A, +ie(l +0ky) A WiW, 4Ge 2 WhEW,, Ay )

2
+igr, cosOw (1 + 697) (WELW, =W, , W) Z, + igy, cos Oy (1 + 891,72 — z—gém,) Zy WIW,,
- L

A 4 o ~
W:u WupZ Pl

5
My,

( +igy, cosBw



T 7RETEWIAT, 195 -gauge operators ity

Bet = (H'D"H) (H'D ,H) + cs BuW,,H'o'H

+cee YHVH(GS, G, + cww YHTH(W} W}, + cgp )H'H(B,,, B,

pv ™~ pv

+éce )HYH(GS, G + éww HHW: W}, + égp H'HB,,, By, + ¢wp B,,W., H0'H

These operators modify Higgs couplings fo gauge

bosons cw =1 —cH,
c; =1—cy —cr,

| : ] Cqg =4caa,
OT modifies Higgs couplings to Z boson mass only ¢yy =—4(eww +cBB — Cs),

(custodial symmetry breaking)
4 Y S Coy = — % (29%cww ~2g%cpp — (97 — 93)03)
9L + 9y
OWW, OBB and OS infroduce new 2-derivative [Fu T fg2 E (97eww + gycB + 291 9% ¢s) ,
Higgs couplings to Yy and Zy, WW and ZZ. =_4ci,w '
Prediction:3 parameters to describe 4 of these = |

couplings

Contino et al nggs COUP“ngS

CP violating Higgs couplings appear 1303.3876

h
Lp, = " {ZCwm%VW;W; +c.my 2,7,

g g% e? g%
+ ZSCQQGG G, — SCwW LW, — ZCWAWAW o CZZZWZW

Qv py 9 uv "t pv

_ Y9
2cos by !

Az

[Nz

[N

~

Do e Fa Ii~ s € 97 egr, .
+ chgG G —?cwwW 44 _ZC’Y’YAMVAMV_ CZZZWZW—QCOSHWCZ,YAWZW}




R ele )HTH(GZVGZ,, + ecww VH H(W,'i,,Wﬁ,, + cgB )HTH(B,“,BW
+ége )HTH(G%,G* + éww H'HW: W', + ¢gp H' HB,,B,, + ¢wg B, W},

@ Two of these operators contribute to EW precision
observables

@ OS and OT affect propagators of EW gauge
bosons (equivalent to Peskin-Takeuchi S and T
parameters)

® Therefore these 2 operators are probed by V-pole
measurements, in particular Z-pole measurements
at LEP-1 and W mass measurements at LEP-2 and :
Tevatron Obllque

Corrections



Higgs gauge operators

Bot = (H'D"H) (H'D ,H) +@s BuW,,H'o'H

+cee YHVH(GS, G, + cww YHTH(W} W}, + cgp )H'H(B,,, B,

pv ™~ pv

+éce )HYH(GS, G + éww HHW: W}, + égp H'HB,,, By, + ¢wp B,,W., H0'H

@ One of these operators contributes to vector
boson pair production

@ OS induces anomalous friple gauge couplings KY
in the standard Hagiwara et al parametrization

@ Therefore this parameter can be probed by WW

and WZ production at LEP-2 and LHC Tr'Ple Gauge

Couplings

rac =ie (WhLW, — W, W) A, +ie(l + 0k,) A WIW, + ieéW,ﬁ,WJpA,m
2

+igy, cos Oy (1 + ngz) (W:,,Wu_ - W’;,W:) Z, + igy, cos Oy (1 + 091,72 — ‘g—gén.,) Lyve W:W,,_
L

Az

. + —
+igr, cos Oy m%v W, W, Zpu
Hagiwara et al,

Phys.Rev. D48 (1993) — 0 W = Eij kWZ v Wg PW 2




Vertex operators

= ic}IchaiﬁuqHTJiEiH + (iCHUDUCOuCZCEHDMH + h.c.)

icnoioqH DL H + icgputo,aHY DL H + icypdio,d°H' D, H

ic’HLZJi(?MlHTOiﬁMH + icHLZ(_fﬂlHTH:H + icHEecauécHTﬁuH.

For vertex operators, similar sfory
as for Higgs-gauge operators:

Contribute to EW precision observables by shift the Z and W boson couplings
to leptons and quarks

Contribute fo vector boson pair production and H>4f decays, by shifting electron
and quark couplings to W and Z

They also introduce new vertices between Higgs, vector boson and two leptons




Synergy

® The same operators are probed by Higgs
physics, Z-pole measurements and vector
boson pair production

@ Starting from precision measurement one can
formulate model independent predictions
concerning what Kind of Higgs signals are
possible



Current prec151on .
. constralnts o .
on dlmen51on 6 operators -



Pole constraints

Z pole W pole

Observable SM prediction

Observable | Experimental value | SM prediction
my [GeV] 80.385 £ 0.015 [1 80.3602
'y .

2]
[GeV] 2.085 + 0.042 [13] 2.091
]

Br(WV — had) [%] | 6741 £0.27 7 6751

Avg 0.0171 4 0.0010

0.21629 £ 0.00066 0.21474
0.923 £ 0.020 0.935

Inpuf: mZ, O((O), [ U
0.0707 £ 0.0035

@ For pole observables, interference between SM and 4-fermion operators is
suppressed by I'/m

@ Corrections can be expressed by Higgs-gauge and vertex operators only (+1 four-
fermion operator contributing to 'y ). For example:



/-pole constraints: nuts and bolts

Lowest order: ou 9tz 95z =\/9% + g% (T} —sin bw Qs
w/ new physics: KR e R R R BRI

@ Including leading order new physics corrections
amount to replacing Z coupling to fermions with
effective couplings

@ These effective couplings encode the effect of
vertex and oblique correction

@ Shift of the effective couplings in the presence of
dimension-6 operators allows one to read off the
dependence of observables on dimension-6 operators

e.g.

(97 —9v) (eur —cr)  (gy + 9%)041?]

8 8

4 4

(91 —9¥) Q2cur —cr) 912/C4F]



D=
HV

CT

Pole constraints

T (#'D"H) (H'D uH) + cs Bu W, H'o'H

puv 't v

First, assume that BSM affects only oblique
operators OS and OT but no vertex corrections (0 74+ 1 8) % 10—3

Then V-pole measurements imply very strong 1.0+ 1.1) % 10—3
limits on these operators : :

In other words, new physics scale suppressing
these operators is in few-10 TeV ballpark

But this is

If that is the case:

- Higgs coupling to W and Z mass (set by cT) not robust
mismatch must be unobservably small g |
- 2-derivative Higgs couplings to WW, ZZ are COﬂClUSlOn.

tightly correlated with couplings tfo Zy and vy



Pole constraints
HY =%T (HTWH) (HT(B#H) +c¢s By W, Ho'H

= ic}IQq_aiﬁuqHTaiﬁMH + (iepppuo,deHD, H +h.c.)
icnoioqH DL H + icgputo,aH DL H + icypdio,d°H' D, H

iC}ILgO'i5"ulHTO'iE>H -+ ’iCHLZ&ulHTﬁMH -+ iCHEGCO"uéCHTﬁMH.

@ Assuming flavor blind vertex corrections here.

@ Pole observables depend on 10 effective theory parameters
(7 vertex corrections, 2 oblique corrections, 1 four-fermion operator)

@ We have 10 independent and precisely measured pole observables
(7 partial widths of Z, 2 partial width of W, W mass)

® So we can constrain all these parameters ? No...



Flat directions of pole observables

Gupta et al, 1405.0181

Pole observables depend, at linear level, on 10
dimension-6 operators in Warsaw basis

=CHL — —CT
One can show that LEP constrains 8 combinations 4

of EFT parameters: c-hats to the right 1

—CHE — §CT

Only combinations of vertex and oblique
corrections are constrained, not separately

This leaves 2 EFT directions that can visibly affect
Higgs searches at the linear level

These 2 directions can be parameterized by cT, cS,
simply related to usual S and T parameters

From LEP-1 and Tevatron pole data alone theres no =Cyp — —C7
model independent constraints on S and T! 6

Cacciapaglia et al
hep-ph/0604111


http://arxiv.org/abs/arXiv:1405.0181
http://arxiv.org/abs/arXiv:1405.0181

Flat directions of pole observables

@ The flat directions arise due to EFT operator identities

Ow =ZHTO'ZBZH DuWﬁu = %O}-Iq + %O’HZ

1 2 d d
Og =iH*SZH 0yB,, = —g)2z —207 + EOHQ -+ §OH" — §0Hd — 501{3 — OHe

@ Obviously, operators OW and OB do not affect Z and W couplings to fermions

@ They only affect gauge boson propagators (same way as OS) and Higgs couplings to
gauge bosons. Moreover, OW affects triple gauge couplings

® They are not part of Warsaw basis, because they are redundant with vertex
corrections.

@ Conversely, this means that there are 2 combinations of vertex corrections whose
effect on pole observables is identical to that of S and T parameter!

@ These 2 flat directions are lifted only when VV production data are included



Pole constraints AfyRiva

—1.9x+1.1 e e
" Z (€ — C)Pij Cj —C5)

|
|

1411.0669

1.140.7
0.1+0.6 a
4719 | oo

0.2+2.0 1 —049 0.31 0.17 -0.05 —0.03 —0.04 0.89

7.0 :I: 6.9 . 1 042 008 0.00 0.06 -0.12 -0.76

1 -004 -0.09 009 =032 0.03

_31_3110_3 | : | 1 -0.39 —0.73 0.59  0.01

1 043 022 -0.04

—4.74+ 3.5 | : | : : 1 —-0.15 —0.01

1 —0.06

1)

pole —

5¢:006;
| ij ~=d

el

@ From this once can reconstruct the X"2 function of pole observables as a function
of coefficients of dimension-6 operators

@ If in particular model only a subset of operators are generated, one can constrain
X"2 and minimize wrt to the new parameter set

@ This way, from above one can quickly derive constrains on any model of new physics



VV production

WW production at LEP and LHC

@ Depends on friple gauge couplings

@ Also depends on electron/quark couplings to W and
Z bosons and on operators modifying EW gauge
boson propagators

@ Indirectly, depends on operators shifting the SM
reference parameters (GF, &, mZ)



e+e-—"W+W- nuts and bolts

2
9ew,Lieff _ _ _ = >
B 2t Eﬂ(pW_)EV(pW+)y(pe+)O-VO- ) (pe_ o pW_)O-“x(pe_)’

m2 [geV,L;effg(pe+>5-px(pe—> + geV,R;effx(pe+)0-pg(pe—>] EM(pW_)gV(pWJF)F;YVpa

— 01,Vieff [np,up%/— — Upuplﬁﬁ + nuu(pW+ - pW—)P] + RV eff [npﬂ(pWJr +pW—)1/ - npu(pW+ +pW—),u]

JUww AV y
2 [npu (PW+ (pW+ -+ pw—)Pw— — Pw+Pw- (PW+ + pw—)u)
w

Now (Dw+pw - (Dw+ + pw—)u — pw—(Pw+ + pw-)Dh )| -

@ WW production amplitude depends on the
same effective couplings gZeff and gWeff as
the pole observables

@ It also depends on effective electromagnetic

couplings which does not change in the = Ceft,  Foyset = €eft [1 + 0K,
presence of dimension-6 operators _ greoshw 1+ el [1 4 601.4].
\J1— 0T,
o Finall?/, it depends on 3 effective triple gauge o = dreostw [1+65H§2Z>} 1+ drz] .
couplings whose shift in the presence of \J1—0I3%),

dimension-6 operators is different than for
pole observables




e+e-—"W+W- nuts and bolts

+  Effective TGCs are not
. the same as TGCs in the
Lagrangian !

@ WW production amplitude depends on the
same effective couplings gZeff and gWeff as
the pole observables

@ It also depends on effective electromagnetic

couplings which does not change in the = Coff, Koot = Coff [1 + 0K, ],
presence of dimension-6 operators __greosbw 1+ st [1+ 51,
V1 —0o1%),
@ Finally, it depends on 3 effective triple gauge ~_ _grcosby

, 1+ eI | [1+ 0kz].
couplings whose shift in the presence of m[ Z] 7

dimension-6 operators is different than for
pole observables




VV production constraints

11 parameters affecting WW and WZ production at linear level (previous 10 plus
O3W which affects only TGCs)

However, 8 combinations of these 11 parameters are already constrained by pole
measurements

Precision of WW measurements is only O(1)% in LEP and O(10%) in LHC,
compared with 0(0.1%) precision of LEP measurement of leptonic vertex
corrections and oblique corrections

Thus, these 8 EFT directions constrained by pole measurements are hardly
relevant for WW and WZ measurements, given existing constraints

We can use a simplified treatment of WW and WZ production, with only 3 free
parameters



Simplified EFT for VV production

rac =ie (WL, W, —WoWi) A, +ie(l +6k,) A WIW, + ieéw,;;w,,—p,«lw

2
+igy, cos Oy (1 + 6g7) (W:,,W; - W,;,W:) Z, + igy, cos Oy (1 + 091,72 — z—g&m
L
. /\Z + —
+igr, cos Ow %WW,WW,ZM‘

These 3 EFT directions are EQUIVALENT fo the |
usual 3 dimensional TGC parameterization '

@ cT, ¢S, c3W can be mapped to glZ, Ky and AZ

@ Constraining these 3 TGCs gives a decent
approximation of the constraints on EFT L =cHL — jer
parameters cT, ¢S, c3W ; -

=CHE — ;Cr
2

® Constraint on vertex corrections can be obtained,

: : . 1
again to a decent accuracy, assuming c-hats are ¢HQ =cHQ +

. 1
Zero CHU =CHU + §CT

1

CHD =CHD — 6T

D, H) + csBu Wi, H' o H + cawe "W, Wi, Wk

vp" pu

Cs



Constraints from VV production

Fitting to following data:

YFSWW and RacoonWW

@ Total and differential WW production cross
section at different energies of LEP-2

@ Single W production cross section at different
energies of LEP-2

LEP (ADLO)

—

o N~ OO OO
1

pb
)

Vs =182.7 GeV
W—ev/uv

t Data
— YFSWW/
RacoonWWw

'z 89 wWoevi

(o]

do/dcosb,, /pb
do/dcos®,, /

—
(@ T\ B
1

oSO N~ OO O O
1
—

oSO N~ OO OO
1

Vs =198.4 GeV
W—ev/uv

do/dcosb,, /pb
do/dcosb,, /pb




Constraints from VV production

Fitting to following data:

@ Total and differential WW production cross
section at different energies of LEP-2

@ Single W production cross section at different
energies of LEP-2




Constraints from WW production

AA,Riva
Central values and 1 sigma errors: g

1 -0.71 -0.997
091,z = —0.83 £0.34, dk, =0.14 £0.05, Az =086+0.38, p=| - 1 0.69

1

@ The limits are rather weak, in part due fo an accidental flat direction of
LEP-2 constraints along Az = -0glZ 126095‘;'651"7

@ This implies that dimension-6 operator coefficients are constrained at the
O(1) level

@ In fact, the limits are sensitive to whether terms quadratic in dimension-6
operator are included or not

@ This in turn implies that the limits can be affected by dimension-8
operators if, as expected from EFT counting, c8-c6”2


http://arxiv.org/abs/arXiv:1405.1617
http://arxiv.org/abs/arXiv:1405.1617
http://arxiv.org/abs/arXiv:1405.1617
http://arxiv.org/abs/arXiv:1405.1617

Constraints from WW production

Central values and 1 sigma errors:

1 -0.71 -0.997
091,z = —0.83 £0.34, dk, =0.14 £0.05, Az =086+0.38, p=| - 1 0.69

1

@ These limits can be affected by dimension-8 operators if, as expected from
EFT counting, c8-c6"2

@ Still, they are useful fo constrain specific BSM models that predict TGCs
away from the flat direction

@ In particular, many models predict AZ<«< dglZ, Ky, because the
corresponding operator O3W can be generated only at the loop level

@ For AZ=0 much stronger limits follow:

591.2 = —0.06 +0.03, 0k, =0.06 £0.04, p=




Comments on LHC constraints

CMS (s=7TeV,L=4.92fb"
One can include constraints from high pT

tails of WW and WZ production at LHC
(standard TGC probe)

F=N
%))
o

—e— Data
— Best fit

TGC (»,=0.05)
--- TGC (A,=0.20)

3

Evgnts /(20 GeV)
4
o

S

These tails are dominated by quadratic
terms in dimension-6 operators (or in
aTGCs), rather than by linear interference
terms as in the case of LEP-2

For the magnitude of TGCs being probed by
LHC, operators with dimensions higher than 2050800020 40360

6 are expected to contribute comparably or Prnas (5V)
more, if these operators have natural
coefficients from the EFT point of view fb

~2.9 — 11.96g1,7z — 4.30ky — 14.5) 7

+275697 7 + 49.40K2 + 822)%

In other words, in the regime where LHC —63.6091,70K 4 57.5091,7Az — 0.140K1 A7
currently probes the TGCs, the EFT
expansion is not valid




Consequences for Higgs physics
B =cr (H'DPH) (H'D ,H) + s BuW,,H'o'H

+eqe ) HTH(GS,GS, + cww YH'H(W.,W}, + cpp YH H(B., By,
+ége YHTH(G?,G" + éww H'HW! W' +égp H'HB,,B,, + é¢wp B,W:

@ Another constraint on CP conserving higher ¢w =1 = ¢,

derivative Higgs couplings to YY, Zy, ZZ and ¢z =1—cn —ecr,

WW (effectively, 2 parameters for 4 o9 =dcG0

. Cyy =—4(eww + cBB — C5),
couplings) o 2 2 o
Coy = — Eng (29LCWW — 2gycp — (91, — QY)CS)
L9

@ For any model predicting c3W=0, constraints PN PSSP ST I PR

on custodial symmetry violation of Higgs
couplings to W and Z:
-0.06 < cw-cz < 0.24 at 95% CL

(97 + 9%)?
ww = — 4cww.

h
- {ZCwm%/W:WJ +eomyZ, 7,
2

G e Wi e A A 9L gy GL_ . A 7
— — Cww v v —C v v Cyz v v — =T C4 v v
2 prit g TR A cos2 Oy TR D cos Oy TR

uv v

2 2
= F e . 7 g1, ~ = egr .
peT Y9 pr ity TR 4 cos? By PO 9 cos Oy )




To take away

@ There are strong constraints on certain combinations
of dimension-6 operators from the pole observables
measured at LEP-1 and other colliders

@ WW production process is extremely important,
because it lifts flat directions of the pole observables

@ Current model independent LEP-2 consfrain are weak,
due to an accidental flat directions

@ Better probes of dimension-6 operators in WW
production should be designed for future e+e-
colliders



Outlook

@ Better probes of dimension-6 operators in VV
production at the LHC?

@ Drop the assumption of flavor blindness
(MFV? SU(2)?)

@ Full set of precision constraints, including
off-pole observables



