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1. Introduction

® We have found only a Higgs and no other new particle
so far at the LHC.

® Experimental data suggest that the NP scale is well
above the EWV scale.

® We consider an effective theory built exclusively from
the SM fields with the SM gauge symmetries.

SU(S)C X SU(Z)L X U(l)y

® Contributions from higher-dimensional operators are
suppressed by powers of the NP scale.

4 1 5 5 1 6 6 1
L=Lou+ > CY0%Y + 5% Y0, )+O<F)
i j
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Effective field theory approach

® Model-independent

® Correlations among observables are induced by gauge-
Invariant operators.

E* Useful guide to look for NP effects

® Constraints on the Wilson coefficients will give us
clues for constructing the UV theory.
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Dim-6 operators

4 1 5 5 1 6 6 1
L=Lon+ > CY0Y + 53 C )O§)+O(F)
i j

® Dim-5 operators violate B and/or L.

® Dim-6 operators contribute to EVW/Higgs physics.
Buchmuller & Wyler, NPB268, 62 1(1986)

A list of the dim-6 operators was presented.
80 op’s (for one generation) that respect B/L.

<

Grzadkowski, Iskrzynski, Misiak & Rosiek, JHEP10, 085 (2010)

Redundant operators have been removed with
the equations of motion. 59 independent op’s
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Complete list of the dim-6 operators

X3 H% and H*D? Y2 H3
Og | fABCGA*GPPGSH | On (H'H)3 Ocn (H'H)(LeH)
Os | fABCGAYGErGS+ | Omp (H'H)O(H'H) Oun (H'H)(QuH)
Ow | eEKWI'wJewKn | Oyp | (H'DHH)" (HID,H) ||| Ogn (HYH)(QdH)
Ow | TEWIvwIewKn
X2H? V2XH Y2H2?D
Onc | (H'H)GA GAw Few (Lomve)TTHW!, ™ | (Of) (H'iD, H)(Ev*L)
One (H'H)GA,GA* |} O.p (Lo"ve)HB,,, o® (HHB:{ H)(LTIy*L)
— 4,

Ouw | (HIH)WLWH § O,c | (Qo*T*u)H G2, One | (H'D, H)(&y"e)

Opw | (HIHYWLWI {0, | (Qowwr BW,, 1 0% | (H'iD, H)(Qv"Q)

Oup | (HH)BWB® |} 0up | (Gomw)HB,, i 0% | (HID!H)(@r'4"Q)

- 4,

Ous (H'H) B,,B* [t Ouc (Qo**T#d)H G, OHu (Hfig” H)(uvy"u)
Onwe | (HITTH)WL B# |t 04w | (Qord)r"HW], Ona | (H'iD, H)(dvy"d)
Ouwp | (HITTHYWI B NOup (Qo*d)H B, ,} Onua | i(H'D,H)(ay"d)

EDMs, g-2,etc.
(LL)(LL) (RR)(RR) (LL)(RR)
Orr (LyuL)(LY*L) Oece (evue)(evte) Ore (LyuL)(&v*e)

05 (@7.Q)(Q+*Q) O (@vew) (@ u) | Opu | (EvuL)(@v u)

050 | (QUT'Q)(@y11Q) || Ou (dyud)(dy*d) Ora | (LyuL)(dy*d)

ol (L7 L) (@7 Q) Ocu, (Evue) (@ u) || Oge | (QuQ)(Er e)

0% | TwrL)(@yr1Q) | Oea (Evue) (dy"d) o5 | (QVuQ)(wy u)

oS (@yuu)(dyrd) || OF) | (QvuTAQ)(ay*T4w)
O8) | (@ TAu)(dy*TAd) | 05) | (QvuQ)(dv*d)
O5) | (QruTAQ)(dv*TAd)
(LR)(RL) and (LR)(LR) B-violating
OLeaq (L7e)(dQ7) Oauq e ey, [(d*)TCuP] [(Q*)TCL¥]
Oboaa |  (Qu)e;n(Qkd) Oqqu ez, [(Q)TCQP¥] [(u7)TCe]
Ognaa | (@TAu)e;(QFTAd) | 05 e*PVejremn [(Q)TCQPF] [(Q™)TCL™]
OF 20 (Lie)e;n(Q u) O5ha | V(1) ji(T7)mn [(Q9)TCq®] [(Q"™)TCL™]
000 | (Loume)ejin(Q o u) | Oguu 287 [(d*)T CuP] [(u)TCe]

6 /28

Grzadkowski, Iskrzynski, Misiak & Rosiek (10)

® Consider |8 CP-even op’s
for EW and Higgs physics.

® To avoid dangerous FCNP,
we assume flavor universality.

(Alternatively, MFV will also be
considered in the paper.)

® Other choices of the basis
are possible.

direct connections to observables
operator mixing in the RG running

See, e.g., Giudice et al. (07); Contino et al. (13)
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G IO bal flttl n g tOOI M. Ciuchini, E. Franco, S.M., L. Silvestrini and others ...

® We have been developing a computational framework
to calculate various observables in the SM or in its
extensions, and to constrain their parameter space.

® The codes are written in C++, supporting MPI.

® One can use our tool as a stand-alone program to
perform a Bayesian statistical analysis with MCMC
based on the Bayesian Analysis Toolkit (BAT).

Caldwell, Kollar & Kroninger

® Alternatively, one can use it as a library to compute
observables in a given model.

® One can add his/her favorite models as well as
observables to our tool as external modules.
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G IO bal flttl n g tOOI M. Ciuchini, E. Franco, S.M., L. Silvestrini and others ...

® Models (parameters, RGEs, effective couplings, etc):
- Standard Model (tested)

- Some NP extensions for model-independent
studies of EWV and Higgs (tested)

- general MSSM (under testing)
® Observables:

- EW precision observables (tested)
- Higgs signal strengths (tested)
- Flavor: AF =2, UT, b — sv, b — s¢¢ (under testing)

- LEP2 x-sections, LFV obs’ (under construction/testing)

» EW+Higgs codes will be released soon.
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Statistical approaches

® Frequentist:
model parameter: constant true value

data: random variables
68% confidence interval of a parameter:

The interval covers the true value with a probability of 68%.

® Bayesian: S L
L(Data|0) w(0)

[dé’ L(Data | 6”) w(6")

*

P(6 | Data) =

model parameter: random variable

\ —

68% credible interval: prior p.d.f. for parameters 6

The parameter is in the interval with a probability of 687%.
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2. EW precision fit in the SM
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EW precision physics

® Electroweak precision observables (EVWPO) offer a
very powerful handle on the mechanism of EVVSB and
allow us to strongly constrain NP models relevant to
solve the hierarchy problem.

® The precise measurements of the Higgs/VW/top masses
at Tevatron and LHC improve EV fits.

E* No free SM parameter in the fit

® Theoretical calculations have been improved in recent
years.
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EW precision observables

Mw, I'w and 13 Z-pole observables
(LEP2/Tevatron) (LEP/SLD)

® Z-pole ob’s are given in terms of effective couplings:

eé —_
L = Z, f (gif/')’u — g£7u75) f
28w Cw
2 Re (g{//gfx) 3
A%P{ = Ay = 5 A%’f = -AA (.f =4, c, b)
1+ [Re (g{//gﬁ)} BaTe 9{//91;
bol sin? 9'°Pt — ! 1 — Re %
PPl = A, T 7 4|Q 9a
— fi2 gif/ : I f
FfIF(Z%ff)OC‘QA‘ g—f RV+RA f f
A dvs 9da




Theoretical status

® Mw has been calculated with full EVW two-loop and
leading higher-order contributions. Awramik, Czakon, Freitas & Weiglein (04)

® sin? 07 have been calculated with full EW two-loop
(bosonic is missing for f=b) and leading higher-order

contri bUtlonS- Awramik, Czakon & Freitas (06); Awramik, Czakon, Freitas & Kniehl (09)

® Full fermionic EWV two-loop corrections to the Z-boson

partial widths have been calculated recently.
Freitas & Huang (12); Freitas (13); Freitas (14)

YZW y~ Wy~ vy
o)
M/<Ez M@C H.
i ; %\

RN

® Up-to-date formulae are available in on-shell scheme.

See also Sirlin; Marciano&Sirlin; Bardin et al; Djouadi&Verzegnassi; Djouadi; Kniehl; Halzen&Kniehl; Kniehl&Sirlin; Barbieri et al;
Fleischer et al; Djouadi&Gambino; Degrassi et al;Avdeev et al; Chetyrkin et al; Freitas et al;Awramik&Czakon; Onishchenko&Veretin;
Van der Bij et al; Faisst et al; Awramik et al, and many other works
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Theoretical status

A. Freitas, 1406.6980

My I, Gl(l)ad Ry sin2 fof
Exp. error 15MeV 23MeV 37pb 6.6x10* 1.6x10°*
Theory error 4MeV  0.5MeV  6pb 1.5x107* 0.5x10°*

Theory errors from missing higher-order corrections
are safely below current experimental errors.
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EW precision fit

< Erler et a-I- (for PDG) http://www.fisica.unam.mx/erler/GAPPP.html

GAPP (Global Analysis of Particle Properties)
MSbar scheme & frequentist

® Gfitter group

Gfitter (Generic fitting package)  hup:/gfitterdesy.de

on-shell scheme & frequentist

® Many other groups with ZFITTER  hupizfinercom
on-shell scheme

.. O ur grOU P M. Ciuchini, E. Franco, S.M., L. Silvestrini and others ...

on-shell scheme & Bayesian
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http://gfitter.desy.de
http://www.fisica.unam.mx/erler/GAPPP.html
http://zfitter.com

Measurements of the top pole mass

Tevatron +LHC combination New Tevatron combination
1407.2682
1403.4427 Mass of the Top Quark
Tevatron+LHC m,, combination - March 2014, L =35 fb'-8.7 fb July 2014 (* preliminary)
. ATLAS + CDF + CMS + DO Preliminary _ °
CRZTE?”’ +jets e @t 172.85 + 1.12(0.52 = 0.49 = 0.86) CDF-I dilepton 167.40 +11 .41 (+10.30+ 4.90)
CDF Runll, diiepton : o : ; 170.28 + 3.69(1.95  =3.13) , o
B e e D@-I dilepton 168.40 +12.82 (+12.30 + 3.60)
e I —— ] 172.47 = 2.01(1.43+0.95 = 1.04)
CBF Runll, E™+jet ————
T pt————tst  173.93 + 1.85(1.26 + 1.05+ 0.86) CDF-II dilepton * 170.80 43.96 (+1.832:69)
DO Runll, kjets b—ite@—ti—t  174.94 = 1.50 (0.83 = 0.47 = 1.16) —
DO Runll, di-lepton - o o= 174.00 + 2.79 (2.36 = 0.55 = 1.38) DJ-11 dilepton 174.00+2.80 (+2.36+ 1.49)
AI"—A?E,O”' I+jets NP — 172.31+ 1.55(0.23 = 0.72 = 1.35) CDF-I lepton-+jets ¢ 176104736 (£5.10% 5.30)
ATLAS 2011, di-lepton — Ot 173.09 + 1.63(0.64  =1.50) R
CMS 2011, l+jets — e — 173.49 = 1.06 (0.27 = 0.33 = 0.97) DJ-I lepton+jets 180.10+5.31 (£3.90+ 3.60)
CL'V'i_fg?“ di-lepton ML — 172.50 + 1.52(0.43 + 1.46) DE-Il | . .o
?Miﬁﬂﬂm@s PP 173.49 + 1.41(0.69 +1.23) CDF-ll lepton-+jets 172855112 (0522099)
=3 _ 0
| Worldcomp. 2014 70050 e 173.34 + 0.76 02720245 067) D@-II lepton+jets 174.9840.76 (0.41% 0.63)
% 1E3 Tevatron March 2013 (Run I+l1) - —0—i = 173.20 = 0.87 (0.51+0.36 = 0.61) . PY
3 8 LHC September 2013 — e —t 173.29 + 0.95 (0.23 + 0.26 = 0.88) CDF-l alljets 186.00 £11.51 (£10.00+ 5.70)
o | | | tote}l (stat. syst.) ) @t
165 170 175 180 185 CDF-II alljets 175.07 +1.95 (+1.19+ 1.55)
mtop [GeV] P
CDF-Il track 166.90+9.43 (+9.00 + 2.82)
= -
CDF-Il MET+Jets 173.93+1.85 (+1.26+ 1.36)
e -
Tevatron combination 174.34+0.64 (+0.37+0.52)
(% stat £ syst)
v2/dof = 10.8/11 (46%)

150 160 170 180 190 200
M, (GeV/c?)
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Ambiguity in the top pole mass

® The measurements of the pole mass of the top quark at
Tevatron and LHC suffer from ambiguities:

parton shower models, color reconnections, ...
M. Mangano at TOP201 3:

“All in all | believe that it is justified to assume that MC mass parameter is

interpreted as mpoie within the ambiguity intrinsic in the definition of mpole,
thus at the level of ~250-500 MeV.”

Moch et al., 1405.4781 (report on the 2014 MITP scientific program):

“The uncertainty on the translation from the MC mass definition to a theoretically
well defined short-distance mass definition at a low scale is currently estimated
to be of the order of | GeV.” (There is an additional uncertainty originating from
the conversion of the short-distance mass to pole mass.)

® We take a naive combination of Tevatron/LHC, and
assume the additional uncertainty of | GeV.
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SM fit

Data Fit Indirect Pull
as(M32) 0.1185 + 0.0005 0.1185 + 0.0005 0.1186 £+ 0.0028  +0.0
Aal® (M2) 0.02750 & 0.00033  0.02745 + 0.00026 0.02737 + 0.00043 —0.2
Mz [GeV] 91.1875 + 0.0021 91.1878 + 0.0020 91.195 £ 0.012  +0.7
my [GeV] 174.01 £ 0.53 £ 1.00 174.3 £ 0.8 176.6 + 2.6 +1.2
mp, [GeV] 125.14 £+ 0.24 125.14 £+ 0.24 105.80 + 28.28  —0.5
My [GeV] 80.385 £ 0.015 80.371 £ 0.007 80.367 + 0.007  —1.1
I'w [GeV] 2.085 + 0.042 2.0894 + 0.0005 2.0894 + 0.0005  +0.1
'z [GeV] 2.4952 4+ 0.0023 2.4946 + 0.0005 2.4946 £+ 0.0005  —0.3
op [nb] 41.540 + 0.037 41.488 + 0.003 41.488 £ 0.003  —1.4
sin? 9.°P* (Qhad 0.2324 + 0.0012 0.23144 4+ 0.00009 0.23144 + 0.00009 —0.8
ppo! 0.1465 + 0.0033 0.1476 + 0.0007 0.1477 + 0.0007 +0.4
A, (SLD) 0.1513 £ 0.0021 0.1476 £ 0.0007 0.1471 £+ 0.0008 —1.9
A 0.670 £ 0.027 0.6682 + 0.0003 0.6682 + 0.0003  —0.1
Ay 0.923 + 0.020 0.93466 £ 0.00006 0.93466 + 0.00006 0.6
ALy 0.0171 £ 0.0010 0.0163 £ 0.0002 0.0163 £ 0.0002  —0.8
ADS 0.0707 £ 0.0035 0.0740 £ 0.0004 0.0740 £ 0.0004  +0.9
ADS 0.0992 + 0.0016 0.1035 £ 0.0005 0.1039 £+ 0.0005  +2.8
RY 20.767 £+ 0.025 20.751 £ 0.003 20.751 +0.003  —0.6
R? 0.1721 + 0.0030 0.17225 + 0.00001 0.17225 + 0.00001 +0.0
R? 0.21629 + 0.00066  0.21576 + 0.00003 0.21576 + 0.00003 —0.8
SMw [GeV] [—0.004, 0.004]

d sin? 9/°P* [—4.7, 4.7] - 1075
oz [GeV] [—5, 5] - 104

II|IIII|IIII|IIII|IIII|IIII|IIII|II
M, e
ALER)| e
, ASD)| —e— m —2.00
ooy T
Acs I e el B
Av o m e
R? . —— 2.5
aWM?)| e
II|IIII|IIII|IIII|IIII|IIII|IIII|II

Indirect: determined w/o
experimental information

using the corresponding
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Gfitter, 1407.3792

mm Global EW fit

-0 Measurement

3 2 4 0 1 2 3
(O, girect - O)/ Oy

indirect

§ Aai(M3) = 0.02757 + 0.00010
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Top mass vs. (meta-)stability

® The measurement of the top mass is i ST

crucial for testing the stability of the N

SM vacuum. Degrassi et al.(12); Buttazzo et al.(13) 2174 /})/
mP°® < 171.53 + 0.42 GeV #

® Tevatron/LHC measurements: o

Higgs pole mass M, in GeV

174.34 = 0.64 GeV (Tevatron)
173.29 = 0.95 GeV (LHC)

® Pole from MSbar: 171.2 + 2.4 GeV
1405.478 1

® Indirect determination from EWVV fit:
176.6 = 2.6 GeV

extra uncertainty of O(1 GeV)

=== Direct

Probability density

©
(V)

® Caveat: Threshold corrections at the
Planck scale alter the phase diagram.

Branchina & Messina (13); Branchina, Messina & Platania (14)
19/28 Satoshi Mishima (Univ. of Rome)




3. Constraints on the coefficients
of dim-6 operators
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Indirect and direct contributions

Oup = (H'D*H)*(H'D,H)

’02 2 92,04

v (1 4 % i %) (8*h)(Buh) +

4 16c3,

4h  6h?  4h3

v v2 v3

Z“Z,L<1+ +—+—+

® Indirect contribution via input parameters:

2 a2 UZC
MZ_MZ,SM 1"‘% HD

B contributes to EW/Higgs observables.

® Direct contribution:

M% v?
;Ceff —_— 1 —|— FCHD Z“ZMh

(Y
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Indirect and direct contributions

Ouc = (H'H)G,, G4

Indirect contributions Direct contributions R
Kinetic t SM ’ Direct contribution to interacti Ouw = (H'H)W, W
Operator metic terms param’s II'_GC con E'l ution to In eI_'a.C 0ons _
G | w''| B |[W’B| H || Mz | v Y; |WWV|\WFF'| Zff |hVV | hff |hVqq| 4 Oyp = (HTH)BWBW

Onc vV v

Ouw v/ Vv Ouwp = (HTTIH)WJVB“V
Ous v o "
Onws Vv Vv vV Oup = (HTD“H) (HTDMH)
CC))HD 5 v v Oyo = (HTH)D(HTH)

HO

0% v o) — (gD ,H)(I~*L)
(of3 v X R B

Ol V. Vv o) = (H'DLH)(I t'y"L)
o v Y o) = (H'i'D . H)(@Q~"Q)
OZ& Y, v HQ — (_}u Y

O v v Ojrg = (H'D | H)(@Q7'+"Q)
Ot 4 v P

Oerr o/ v Oxe = (H't D ,H)(erv"er)
Our v v = _

Oan v v On. = (H'i D o H)(urY"ur)
OrLL v

Ona = (H''D ,H)(dr~y"dr)
Onua = i(H D, H)(ury"dg)

Oy = (H'H) (L egH)

Oun = (H'H)(QurH)

Ouan = (H'H)(Q drH)

Orr = (Lv.L)(L~*L)

22/28



Dim-6 contributions to EWPO

— S parameter (W3-B mixing)

Ouwp = (H't'H)W/ B"
Opp = (H'D*H)*(H'D,H)
Orr = (L, L)(Ly*L)
0% = (H'i'DLH) (T r'+*L)
O%), = (H'i'D ,H)(I"L)
Oy = (HTi(ﬁ,ﬂH)@TI'V“Q)
04, = (H'iD ,H)(Q+"Q)
One = (H'i'D . H)(er"er)
Otre = (H'i'D  H)(ury ur)
Ona = (H' D ,H)(dry"dr)

— T parameter (Mz)

> Fermi constant

' Left-handed Z f f

s Right-handed Z f f

® There are flat directions in the fit. See eg. Han & Skiba (05)

® switch on one operator at a time to avoid the flat
directions and accidental cancellations.
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Higgs data

® We use the ATLAS/CMS (and CDF/D0) data for the
Higgs signal strengths relative to the SM expectations.

ZZ, WTW~—, ~v~, 777, bb channels

divided into different categories to improve
sensitivity to each production mechanism

® We assume that the efficiency of event selection
for a given category is similar to that in the SM.
This assumption is valid for small deviations from

the SM couplings, which do not modify kinematic
distributions significantly.
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Fit results at 95% in units of 1/A% TeV~2

Coefficient EW Higgs EW+Higgs
Crec — [=0:0077, 0:0066] | [—0.0077, 0.0066]
Cuw — [—0.039, 0.012] | [—0.039, 0.012]
Cup — [-0.011, 0.003] | [—0.011, 0.003]

Cuws | [—0.0094, 0.0055] || [—0.006, 0.020] | [—0.0063, 0.0066] Omns
Cup [—0.029, 0.009] [—5.3, 8.5] [—0.029, 0.009] O
Cro — [—1.2, 2.0] [—1.2, 2.0]

c' [—0.005, 0.011] — [—0.005, 0.011] Owp
HL ’ ’
c® [—0.011, 0.007] [—1.5, 0.5] [—0.011, 0.007] Ono
Cirt [—0.027, 0.041] [—28, 15] [—0.027, 0.041] om
ce) [—0.011, 0.013] [—0.6, 2.2] [—0.011, 0.013] o®)
Cre [—0.017, 0.006] — [—0.017, 0.006] HL
Cri [—0.071, 0.076] [—5, 11] [—0.071, 0.077] O
Cra [—0.14, 0.06] [—33, 15] [—0.14, 0.06] e

Crrud — = — HQ
Con — [—0.071, 0.024] | [—0.071, 0.024] O
Cun — [—0.50, 0.59] [—0.50, 0.59]

Can — [—0.072, 0.078] | [—0.072, 0.078]
Cri [—0.012, 0.021] [—1.0, 3.0] [—0.012, 0.021]

gg — h (one-loop in the SM)

(%
LNP = (FCHG —|— o o .) G;jVGAFLVh

h — ~~ (one-loop in the SM)

v

LNP:F

h — ff (suppressed by mf for light fermions in the SM) ,_ _

(st Craw + ¢, Cus — swew Cuwp) Fu F*h

Ouc = (H'H)G,
Ouw = (HH)W. W+
= (H'H)B,,,B"*
= (H'r'"H)W B"
= (H'D*H)*(H'D,H)
= (H'TH)O(H'H)
— (H'i'D ,H)(T~"L)
— (H'i' DL H)(T r'y*L)
= (H'i'D . H)(@"Q)
= (H'i D1 H)@Qr'4"Q)
(H'i'D ,H)(egy*er)
Otw = (H'i'D ,H)(@ry"ur)
Ona = (H' D ,H)(dry"dr)
Otuwa = (H' D, H)(upy"dR)
Ocrr = (H'H)(L erH)
Oun = (H'H)(QurH)
Oan = (H'H)(Q drH)
Orr = (L.L)(Ly"L)

GA;M/

| 74
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EW vs. Higgs

Probability density

Probability density

> > F e P T
g, sl L EW g, (EW g, (EW
100 [ — - . r s . - s .
[0) L . Higgs [x10 [0) — i Higgs [x10 [O) i Higgs [x10
8 L. Higgs [x10] 3 80 - ggs [x10] I oL == ggs [x10]
2 i 2 2 -
= 30 - = r =
QO L o] - QO
[\] 4] 60 L [\]
L o] o) o)
o I o o |
50 - o 20f o 4l L
| 10[ 20
0 0 M e S TR | 0 I L L f \\L L | olb—1 . . T L L L |
-20 -10 0 10 20 -2 0 2 -50 0 50
3 (1)
Cho cil Cha
........... > > —— >
....... EW ‘» L EW 7] 8- L EW 7] L EW
—— o - R c [ R c I
6o I Higgs [x10] g I Higgs [x10] 5 20 Higgs [x10] 8 10 Higgs [x10]
z | Z e z “r
L 2 | o) i o
40 |- © © . ©
QO QO L QO
e I o 4l e
o 5+ o L o
I I 20 -
20 r -
2 —
OIM/\I 01/ ...... 0_‘.|J_%.“= R ol ] L
-2 0 2 4 -10 0 10 20 -50 0 50 0 5
3
ci, Chu Cha Cu

® Except for Chwe, the constraints from the Higgs data
are much weaker than those from the EVV data.

B Those operators do not yield significant
deviations in the Higgs couplings.
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Lower bounds on the NP scale in TeV

EW Higgs EW+4Higgs
Coefficient Cz = —1 Cz =1 C,L = —1 C,L =1 Cz = —1 Cz =1
Crc — = 11.4 12.3 11.4 12.3
Cuaw — — 5.1 9.1 5.1 9.1
Cup — — 9.6 17.2 9.6 17.2
Cuwp 10.3 13.4 12.6 7.1 12.6 12.3
Cup 5.9 10.8 0.4 0.3 5.9 10.8
Cun — — 0.9 0.7 0.9 0.7
c' 13.9 9.3 — — 13.9 9.3
c) 9.7 11.9 0.8 1.4 9.6 11.9
Ciig 6.1 4.9 0.2 0.3 6.1 4.9
Cirg 9.4 8.7 1.3 0.7 9.4 8.7
Chrre 7.7 13.4 — — 7.7 13.4
CHu 3.8 3.6 0.4 0.3 3.8 3.6
Crad 2.7 4.0 0.2 0.3 2.7 4.0
Crrud — — — — — —
C.n — — 3.8 6.4 3.8 6.4
Cun — — 1.4 1.3 1.4 1.3
Can — — 3.7 3.6 3.7 3.6
CLL 9.3 7.0 1.0 0.6 9.3 7.0

Lower bounds are

multi-TeV to |7 TeV.
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= (H'H)G/, G4

= (H'H)W, Wi

= (H'H)B,,,B"*

= (H'r'"H)W B"

= (H'D*H)*(H'D,H)
= (H'TH)O(H'H)

— (H'i'D ,H)(T~"L)

— (H'i' DL H)(T r'y*L)
= (H'i'D ,H)(Qv"Q)
= (H'i DLH)@1'7*Q)
= (HTiﬁ“H) (erY"eRr)
— (H''D ,H)(@r~"ur)
— (H''D ,H)(dry"dr)
= i(H'D,H)(ury"dg)
= (H'H)(LerH)

= (H'H)(QurH)

= (H'H)(QdrH)

= (f'y,,,L)(f'y"'L)
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4. Summary

® We have presented an updated fit to the EVV precision
data in the SM, and that to the EWV precision and Higgs
data in the effective theory approach.

® The constraints from EVV precision data and Higgs data
are complementary to each other.

® Some of the results presented in this talk (especially
those with the Higgs data) are still very preliminary.

- estimates of theoretical uncertainties

- inclusion of more data in the fit

e.g, measurements of TGCs
kinematic distributions in H+V associated production
J. Ellis,V. Sanz & T.You (14)

= remove flat directions in the fit
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Backup
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Hadronic corrections to the EM coupling

® We adopt a conservative value:

Aat® (M2) = 0.02750 + 0.00033

measured with inclusive processes.

Burkhardt & Pietrzyk (11)
(see also Davier et al(1 |); Hagiwara et al(1 1) ; Jegerlehner(1 1))

Note: Smaller uncertainty has been obtained if using exclusive
processes with pQCD:

§(Aat®) (M2)) ~ £0.00010

but discrepancy has been observed between inclusive and exclusive
in low-energy data.

Satoshi Mishima (Univ. of Rome)



Parametric uncertainties

9 Aa](ni)d

sources of parametric uncertainty.

(M%) and m: are the most important

Prediction Os Aozflz)d M my

My [GeV] 80.368 + 0.008 +0.000 +0.006 +0.003 +0.005
I'y [GeV] 2.0892 + 0.0007 +0.0002 +0.0005 +0.0002 +0.0004
I'z [GeV] 2.4945 + 0.0006 +0.0002 +0.0003 +0.0002 +0.0002
0'2 [nb] 41.489 4+ 0.003 +0.002 +0.000 +0.002 +0.001
sin? HL?t(Q%%d 0.23147 £+ 0.00012 +£0.00000 =£0.00012 =+0.00001 =0.00003
P}?Ol 0.1475 + 0.0010 +0.0000 +0.0009 +0.0001 +0.0002
Ay (SLD) 0.1475 + 0.0010 +0.0000 +0.0009 +0.0001 +0.0002
A 0.6681 + 0.0004 +0.0000 +0.0004 +0.0001 +0.0001
Ap 0.93465 £+ 0.00008 +0.00000 +£0.00007 =+0.00001 40.00001
Ag’é 0.0163 £ 0.0002 +0.0000 +0.0002 +0.0000 +0.0000
Ag’g 0.0739 4+ 0.0005 +0.0000 +0.0005 +0.0001 +0.0001
A%’]g 0.1034 + 0.0007 +0.0000 +0.0006 +0.0001 +0.0001
Rg 20.751 £+ 0.004 +0.003 +0.002 +0.000 +0.000
Rg 0.17224 + 0.00001 +£0.00001 =+£0.00001 =+0.00000 =0.00001
Rg 0.21577 £+ 0.00003 +0.00001 =+£0.00000 =+0.00000 =0.00003
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Direct and indirect measurements
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Future prospect

Tevatron
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Oblique parameters

® Suppose that dominant NP effects appear in the
vacuum polarizations of the gauge bosons:

§ = —16m1I},(0) = 167 |TI5}(0) — T35 (0)|
47
T = NP (0) — IIXr (o
S%VC%VMg [ 11 ( ) 33 ( )} ) el (89)
ennedy & Lynn ;
U = 16w [Hll\Ilpl(O) HNP,(O)} Peskin & Takeuchi (90,92)

® EWPO depend on the three combinations:

(c&, — sz, ) U

2
2SW

5Mw, (SI‘W x —S -+ 2C%,VT -+

6Tz o< —10(3 — 8s%,) S + (63 — 12652, — 40s%;,) T

others o< § — 403‘,3%‘, T
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Fit results for oblique parameters

0.5

B A
00 M

.

. 2nlept JPol 0f
- sin eeff y Pt y Af, AFB

0.5

-0.5
S
Fit result Correlations
S | 0.08+0.09 | 1.00
T | 0.09 4+ 0.07 | 0.87 1.00

|_
0.5+
O |
05
L l L
-0.5 0 0.5
S
Fit result Correlations
S | 0.08 £0.10 1.00
T | 0.09 +0.12 0.85 1.00
U | 0.00+0.09 | —0.48 —0.79 1.00

Gfitter, 1407.3792

0-3 r LI L T T ]
~ 68% and 95% CL fit contours for U=0 -
L (SM,_: M,=125 GeV, m=173 GeV) N
0.2 - Present uncertainties ]
C Prospects for LHC .
01 LI Prospects for ILC/GigaZ .
0 —
0.1 SM Prediction ]
L My =125.14 + 0.24 GeV -
C m, = 173.34 = 0.91 GeV -
-0.2 — ]
_0.3 C I 1 I 1 I 1 I 1 1 1 1 I 1 1 1 ]
-0.3 0.2 -0.1 0 0.1 0.2 0.
S

Fit result Correlations

S | 0.06 = 0.09 | 1.00
T | 0.10 == 0.07 | 0.91 1.00
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Epsilon parameters

€1 = AP,
2
S
0 Arw — 252AK Atarelli et al. (91,92,93)
Cqh — S
0 0

e3 = ceAp' + (cg — s3) Ak’

€2 = ccAp’ +

and €
2 o2 — ma(Mz) sin® 0%, = (1 + Ax') 82
WW o V2 G ME(1 — Ary) 5
Ap’ 202 — ma(M3z)
VRepy =1+ — 00 V2G, M2

® ¢€; involve the oblique corrections beyond S, T and U.
e, W Y ...
® Unlike STU, €; involve non-oblique vertex corrections.

® Moreover, €; also involve SM contributions.

D

0€; = €; — ef’M

Satoshi Mishima (Univ. of Rome)



Epsilon parameters

883

x10°

I 1 1 1 X1 0_3

4><10'3
W
2 i
2 -
O |
2
| | | | . Ix10®
-2 0 2 4
681
Fit result Correlations
0eq 0.0006 + 0.0010 1.00
deo> | —0.0001 4 0.0009 0.80 1.00
€3 0.0006 + 0.0009 0.85 0.50 1.00
o€y 0.0004 + 0.0013 | —0.33 —0.32 —0.21 1.00

Fit result

Correlations

(561
(563

0.0007 + 0.0006
0.0007 £ 0.0008

1.00
0.87 1.00

Satoshi Mishima (Univ. of Rome)



Zbb couplings

® Four solutions from Z-pole data, while two of them are
disfavored by off Z-pole data for AFBb. Choudhury et dl. (02)

® The solution closer to the SM:

o o< 0.02 b b b
(@)] [@)) i -
2 oot © g; = (9;)sm + 9g;
o-_
0.02_ L
o} 002} \ Fit result Correlations
[ [ dg | 0.018 £ 0.007 1.00
b - 5% | 0.0029 £0.0014 | 0.90 1.00
ool oL 5g5 | 0.021 &£ 0.008 | 1.00
004 002 0 002 004 006 T ooz ood 59?4 —0.015 + 0.006 | —0.99 1.00
593 5g°
° ° 0 b
® Deviation from the SM due to AR See also Batell et al.(13)
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EW chiral Lagrangian

® No new state below cutoff + custodial symmetry:
v? h 3} : Goldstone bosons
Ez—Tr(DMETD“E)<1—|—2:<,V——|—--->—|—--- .
4 v Ky = 1 in the SM

B The HVV coupling contributes to S and T at one-loop.

Barberi, Bellazzini, Rychkov & Varagnolo (07)

h
v v
1%

ln(Az/Mé) — K,%/ ln(Az/mi)
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EW chiral Lagrangian

T
Kt

= 20
B - JaL - [ Ew+Higgs
§ i 0 mew
i Hi
2 151 - 199s
5 : 12 P
- ~ V4
e} I _ A
S 1o I K
D_ B 1_ ’
1
- 1
1
1

0.9 1 1.1 06 B
KV | 1 1 1 1 I 1 1 1 1

ry = 1.020 = 0.021

® EWPO constraint on Kv is stronger than Higgs one,
but no constraint on Kf.

® v >1 E» WLWL scattering is dominated by isospin 2 channel
v? [ ds
1 — kY = on s — (20325,(8) + 3032, (s) — 5oy, (s))
Falkowski, Rychkov & Urbano (12)

P A 15 TeV Q95% for ky < 1
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EW chiral Lagrangian

= 80.45 =
Mw 3 o
- — I_EI <
Iz =
L — 80.4
PTPOI
A i
L _ 80.35
A% | _
0.8I | IO{QI | I1I.1I - I1.2 0.9I | 0|95 N ; | 1(|)5 | I1I.1I | I1I.15 0.9 1 1.1I | I1!2I |
Ky Ky Kv
4mv
A<
VIT = K3
® smaller Mw B smaller Kv
® Kv is tightly constrained for the scale compatible

with direct searches.
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Composite Higgs models

® Composite Higgs models typically generate <y < 1.

e.g. Minimal Composite Higgs Models (MCHM) based on SO(5)/SO(4)

Agashe, Contino & Pomarol (05)

2
(¥
Ky =1 —§ £ = (}) f: scale of compositeness

® Extra contributions to S and T are required to fix the
EW fit under kv < 1.

IR contribution

+

T x10°

UV cont’ from heavy vector resonances

+
s Fermionic resonances

S % 10°

Grojean et al. (13) Satoshi Mishima (Univ. of Rome)




