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Motivation

Motivation

The Higgs boson ! has been (one of) the only missing piece of the SM for long — A
particle directly related to the EWSB.

The EWSB is one of the sectors with less experimental information, but a lot of interesting
theoretical open questions arise from it — motivations for NP modifying the sector

Lor whatever...
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Motivation

The Higgs boson ! has been (one of) the only missing piece of the SM for long — A
particle directly related to the EWSB.

The EWSB is one of the sectors with less experimental information, but a lot of interesting
theoretical open questions arise from it — motivations for NP modifying the sector

Studying the couplings of the Higgs could be one of the fastest tracks to NP

Lor whatever...
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The (non)-official status
The experimental research

After LEP and Tevatron, now it was the time for the LHC.

At the LHC the SM Higgs boson has to be searched through the following production
mechanisms and decay modes:
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The (non)-official status

The experimental research
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The (non)-official status
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The (non)-official status

CMS Status

(Last update mid-November 2012)*2

CMS Preliminary {s=7TeV,L<5.1fb* ys=8TeV,L<12.2fb*
:
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2In December first Z+ results presented: with 5.0 fb~* for 7 TeV and 5.2
fb~! for 8 TeV sensitivity is about O(10) x SM
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The (non)-official status

ATLAS Status

(Last update mid-December 2012)3

~To for 125 GeV (Dec 12)3
All analyses with
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~13 fb~?! for 8 TeV
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The (non)-official status

Signal strenghts

Tobs

Are the starting points of many analysis: yu = "
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The (non)-official status

2012 summary / 2013 perspectives

Finally, 2012 has been the year of the well stablished discovery of the Higgs particle

We will have a more clear picture of the properties during 2013:

@ ~ 10 fb~! 8 TeV data to analyze in almost all of the channels, in some of them even
more...

@ Will CMS v+ new analysis dilute the excess?

@ ATLAS ZZ and «+ mass discrepance still needs explanation.

@ New parity, spin, Z+v etc analyses expected.
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The (non)-official status

2012 summary / 2013 perspectives

Finally, 2012 has been the year of the well stablished discovery of the Higgs particle

We will have a more clear picture of the properties during 2013:

@ ~ 10 fb~! 8 TeV data to analyze in almost all of the channels, in some of them even
more...

@ Will CMS v+ new analysis dilute the excess?
@ ATLAS ZZ and «+ mass discrepance still needs explanation.
@ New parity, spin, Z+v etc analyses expected.

But now let’s look in detail to the current status of the study of the Higgs

couplings
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Effective Lagrangian for Higgs Interactions
Overview

Discovery of a ~125 GeV ”Higgs-like” particle -=EWSB direct exploration:

Spin
Parity

EWSB connected new states

Couplings
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Effective Lagrangian for Higgs Interactions

Overview

Discovery of a ~125 GeV ”Higgs-like” particle -=EWSB direct exploration:

Spin
Parity

EWSB connected new states

Couplings

Bottom-up model-independent effective Lagrangian approach:

Leff = Z %On

@ Assume observed state is light electroweak doublet scalar and that
SU3)e ® SU(2)r @ U(1)y is linearly realized in the effective theory.

@ L.g: describe the low energy effects of new physics in the couplings of this observed
new state in the coefficients of dimension-6 operators.

@ Choice of operators and basis — Driven by the data

Determine coefficients of operators using all available data: Tevatron, LHC, TGV, EWPD.
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian

f
Leg = Z A_Zon
n
Our assumptions are:

@ The observed state belongs to a SU(2) doublet.
@ The state is CP-even as in SM.
@ Narrow resonance and no overlapping resonances.

@ SUB).®SU2)r, ®U(1)y SM local symmetry, C and P even, lepton and baryon
number conservation
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Effective Lagrangian
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n
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@ The state is CP-even as in SM.
@ Narrow resonance and no overlapping resonances.
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59 dimension-6 operators are enough...*
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian

f
Leg = Z A_Zon
n
Our assumptions are:

@ The observed state belongs to a SU(2) doublet.
@ The state is CP-even as in SM.

@ Narrow resonance and no overlapping resonances.

@ SUB).®SU2)r, ®U(1)y SM local symmetry, C and P even, lepton and baryon
number conservation

59 dimension-6 operators are enough...*

But we can use EOM to eliminate 3 of them:

d
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ij
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4Buchmuller & Wyler; Grzadkowski et al. arXiv: 1008.4884
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:
Oga =@te Go, GoHv Ooww =& W, Wwre Opp =@ B, B
Opw = @B, WH'e Ow = (Du®)TWH (D, @) , Op = (Du®)T B (D) |
041 = (Du@) @ @t (DF®) | 0g o =Lor (aT@) 0, (aTe) | 04 = (Duo)t (DF®) (ale) |

Higgs interactions with fermions:

> >
_ ! _ 3 _
Oca,ij = (@1 @) (Li®er;) O] . = <I>T(1D£)<I>)(L,i'7“Lj) o) .= @T(Dj;‘b)(Li'Y“a'aLj)

Ous,ij = (18)(Q;dur,) og(g,ij:dﬂ@“@)(émmp 0% =2 (D42 (Qir"7aQ;)

Oua,ij = (@7 @)(Qi®dr;) OF) ;=21 (Du®)(En,+er,)
>

1 _

O ij = ® (D) (@n, 7 un,)
) _

080 = @ (D, 2)(dr, 7" dr;)
1 = _

Ofpidﬂj = ‘1>T(1D;L<I>)(uRi’Y“de)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

5 . . 2 .g’ 2 .
Dyu® = (04 +i%9'Bu +ig W) @, By = i% By, Wy = i%0" W,
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:

Ogg = @te Go, Gomv

Higgs interactions with fermions:

> >
_ ! _ 3 _
Oca,ij = (@1 @) (Li®er;) O] . = <I>T(1D£)<I>)(L,i7“Lj) o) .= @T(Di.‘b)(Li'Y“a'aLj)

Ous,ij = (18)(Q;dur,) og(g,ij:dﬂ@“@)(émm,-) 0% =2 (D42 (Qir"7aQ;)

Oua,ij = (@7 @)(Qi®dr;) OF) ;=21 (Du®)(En,+er,)
>

1 _

04,15 = (Du®)(@n, 2 ur,)
) _

080 = @ (D, 2)(dr, 7" dr;)
1 = _

Ofpidﬂj = ‘1>T(1D;L<1>)(uRi’Y“de)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete™ — ff
at LEP2.

5 . . 2 .g’ 2 .
Dyu® = (04 +i%9'Bu +ig W) @, By = i% By, Wy = i%0" W,
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:

Ogg = @te Go, Gomv
Opw = @B, WH'a

Og,1 = (Dy®)t @ ot (DHS)

Higgs interactions with fermions:

> >

Ocaij = (212)(Li%er;) OSI}L)JJ‘ = éT(Dﬁ,Q)@”‘LLJ) 051>3L),ij = ‘bT(’Dj,“b)(flw“ﬂaLj)
Ouniy = @TH)(@ibur;)  Ong; = DuP)(Qi1"Q)) Ok 45 = *1@5DQ1"7aQ))
Oup,ij = (212)(Qi2dR;) 0F) . = LCOICIRE )

Of)i5 = T Du®)(@n,ur,)

Ol i5 = ¥ (Du®)(dr, 7 dr,)

Oc(blazd,ij = 1D, ®)(ar, 1" dr;)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete™ — ff
at LEP2.

EWPD at tree level,

5 . . 2 .g’ 2 .
Dyu® = (04 +i%9'Bu +ig W) @, By = i% By, Wy = i%0" W,
Juan Gonzéalez Fraile (UB) Universitat de Barcelona January 2013 13 / 26



Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:
Ogg = @te Go, Gomv
Opw = @B, WH'a Ow = (Du®) I WHr* (D, @) |
Og,1 = (Dy®)t @ ot (DHS)
Higgs interactions with fermions:
“~

Oca,ij = (2T @) (LiPer;) OS;L)’H = <I>T(1D£)<I>)(I:H“Lj)
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>
o) .= @T(qoj;é)(imﬂaa%)
0% =2 (D42 (Qir"7aQ;)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the

existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete

at LEP2.
EWPD at tree level, TGV

T = ff

5 . A - g X .
Du® = (9, + %9 By +ig % W) ®, Buy = i% By, Wy =i§o Wi,
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons

Ogg = @te Go, Gomv
Opw = @B, WH'a

Og,1 = (Dy®)t @ ot (DHS)
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existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete
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T = ff
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:
Oga =@te Go, GoHv Ooww =& W, Wwre
Opw = @B, WH'e Ow = (Du®)TWH (D, ®) , Op = (Du®) B (Dy®)

Og,1 = (Dy®)t @ ot (DHS)
Higgs interactions with fermions:

Oewpij = (‘PT‘P)(LCPERJ-)
Ouwp,ij = (‘PT‘P)(Qi‘i’uRj)

Ous,ij = (81®)(Q; ®dRy)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and
ete™ — ff at LEP2.

EWPD at tree level, TGV
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:

Ogg = @te go gomv Ooww =& W, Wwe
Opw =@ B, WHh'e | Ow = (D, ®)WH(D,®) ,

0p = (D@) B (D, ) ,
Op,1 = (Dp®)f @ of (DHe)

Higgs interactions with fermions:

Ocq 33 = (T ®)(Ls®Per,)

O4s,33 = (21 2)(Q3®dR3)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete™ — fr
at LEP2.

EWPD at tree level, TGV

. ’ N
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Effective Lagrangian for Higgs Interactions

The right of choice

Higgs interactions with gauge bosons®:
Ogg = @te Ge gumv oww = etWw,Wwre
Ow = (Du®) WH (D, @) | Op = (Du®) B* (D) ,

Higgs interactions with fermions:

Ocq 33 = (T ®)(Ls®Per,)

O4s,33 = (21 2)(Q3®dR3)

In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data

Z properties, W decays, low energy v scattering, atomic P, FCNC, Moller scattering P and ete™ — ff
at LEP2.

EWPD at tree level, TGV

5 . . 2 .g’ 2 .
Dyu® = (04 +i%9'Bu +ig W) @, By = i% By, Wy = i%0" W,
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian for Higgs Interactions

asv fg fww ] fbo
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian for Higgs Interactions

asv fg fw f fB f
Lopr=— 19 00a + YW o 4 W
eff an a2z lca a2 Sww e®,33
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Analysis Framework

Collider data: building the x?

exp\2 2
2 . (lu’ I’L] ) épull
X~ = min —+ E P
Epull < (o Opull
J J pull
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(l”LO no F ano ano ano
pp = €hg0as°(L+Eg) + el ppoyFp + EWHU "t 6ZHU + €Oty Bromelh — F]
- F SM SM SM :
beosM + €f p o e T ey no TGOS H + O Bro¥[h — F|
For the anomalous calculations:
ano
ano Ty SM
gy = SM Iy
O'Y tree soa
and
remo(ph — X
rene(h — X) = 7&\4( ) rSM(h — X)
I (h — X) tree soa
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Analysis Framework

Collider data: the data points

T T T T [ O B B B
bb CDF & DO D e COF & DO :
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Analysis Framework

TGV and EWPD

Data on triple electroweak gauge boson vertices:

n2

Lwwy = —1gWWV{ (W:UW BV W, W T ‘“’) F Ry WIWI VA —W+ W "f’vp“}
W

2 9202
. _Z_ 4 _
with Agy =9 1= 8c2 A2 fw
9202
Ak = k~y — 1= ( —+ ) s
¥ ¥ 8A2 fw + fB
g v? 2 2
Ak =ky — 1= (c — s )
z z 3ZAZ fw B
LEP data:
z 0.049
91 =0. 984+0 049
o = 100473028

with a correlation factor p = 0.11.

Data on EWPD in terms of the S,T,U parameters:

AS =0.00 £+ 0.10 AT = 0.02 £ 0.11 AU = 0.03 £+ 0.09
1 0.89 —0.55
= 0.89 1 —0.8
—0.55 —0.8 1
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Analysis Framework

S,T,U Parameters
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Present Status

Ax? vrs fx

T

8¢ (f/ 1)

Columns (analysis):

Ist: fg, fww, fw, fB
2nd: fg, fww, fw, B, foot
3rd: fg, fww, fw, B, foots fr

8¢ (/')

o
S
Rows (parameters): <
Ist: fg ~<>1<
2nd: fww
3rd: fw
4th: fp
5th: fhot

8¢ (fa/N)

Colours/lines (data):

Solid red: Collider
Dash pink: Collider + TGV
Dot blue: Collider + TGV + EWPD

8¢ (fua/ )

o]
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Present Status

BRs and production CS

Tevotron+LHC+TGV
“x i w=1,=0 JF 1 7 T 7T 7aT T
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Present Status

CMS vrs ATLAS
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Present Status

2d correlations

Tevatron+LHC+TGV
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Present Status

2d correlations

Tevatron+LHC+TGV
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Present Status

Best fit and ranges

Tt With Jpor = 77 =0

Fit with f;,+ and fr

Best fit 90% CL allowed range Best fit 90% CL allowed range
fq/A2 (TeV’z) 1.3, 21.4 [—1.2,3.5] U [19, 24] 1.3, 21.4 [—21,4.8] U [18, 44]
Fww /A2 (TeV’z) -0.43 [—0.8, —0.1] U [2.85, 3.55] -0.39 [—0.8,0] U [2.85, 3.65]
fw /A2 (TeV™?2) 1.43 [—7.0, 10] 0.42 [—7.4,7.6]
75/A2 (TeV™?) -8.4 [—30, 13] 0.42 [—7.4,7.6]
Fooe/A2 (TeV2) — — 0.00, 0.90 | [—1.2,0.20] U [0.70, 2.1]
7. /A% (TeV~?) — — 0.02, 0.32 | [—0.07,0.13] U [0.2, 0.40]
BR7° /BRI 1.75 [1.15,2.62] 1.70 [0.20, 3.00]
BRYPS, | BROM, 0.97 [0.75,1.14] 1.02 [0.11, 1.94]
BR%'Y /BRY 1.13 [0.78, 1.45] 1.03 [0.11, 1.96]
BR{® /BRI 1.01 [0.84, 1.06] 1.04 [0.53, 1.53]
BR2"° /BR5M 1.01 [0.84, 1.06] 0.85 [0.05, 2.25]
oano /oI M 0.79 [0.47, 1.23] 0.79 [0.35, 8]
oW Jo g 1.02 [0.92,1.21] 1.00 [0.91,1.13]
o4 Jo ot 0.98 [0.58, 1.40] 1.02 [0.57, 1.49]

Best fit values and 90% CL allowed ranges for the combination of all available Tevatron and LHC Higgs

data as well as TGV.
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Discussion and Conclusions

Discussion and Conclusions

@ Model independent analysis where the effects of new physics in the Higgs couplings
are parametrized in Ly
SU(2)r, doublet — SU(2)r, x U(1)y gauge symmetry linearly realized:

EH:Z%On 3

@ Choice of basis:
Power to the data — operators whose coefficients are more easily related to
existing data

_asv fg fww fw /B Soot
=0 —O0 Ow O
3r A2 GGt —5— A2 Ww-l-A2 -I—A2 B+ —% A2

fr
Oap,33 + 55 Oead,33 -

Legy = Az
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Discussion and Conclusions

Discussion and Conclusions

@ Present status of the analysis using Tevatron, LHC, TGV and EWPD data:

‘ for Tumws f,,,‘ fa fm=f,=b
£3 Frs Fw=ts Toos Fy
————— .BR/BR ™
BRu/BR™
,,,,,,,,,,,,,,,,,, T T BR,,/BR,™
,,,,,,,, T BRys/BRys™
= BR,,/BR,™
e {7“ ﬂ:ss“
= Over/ Over
o —— | I/ O™
0 1 2 3 4

SM compatible with data (60%-90% CL).
Preference for larger—-than—SM BR to photons and a smaller—than—SM
gluon fusion production CS and decay BR into 7's
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