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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:

Jn

Leg = p On,

@ 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.

@ 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.

@ Choice of operators and basis — Driven by the data
@ Complementarity of experimental searches — TGV <« Higgs

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

Effective Lagrangian

Leg = Z %On

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.
]

SU@3)e ® SU(2)L @ U(1)y SM local symmetry, C and P even, lepton and baryon
number conservation
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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).®SU(2)r, ®U(1)y SM local symmetry, C and P even, lepton and baryon
number conservation

59 dimension-6 operators are enough...!

1Buchmuller & Wyler; Grzadkowski et al. arXiv: 1008.4884
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian

Leg = Z %On

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).®SU(2)r, ®U(1)y SM local symmetry, C and P even, lepton and baryon
number conservation

59 dimension-6 operators are enough...!
Set reduced by considering only C and P even and EOM to eliminate/choose the basis
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1Buchmuller & 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

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.

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:

>
= 1 = 3
Ocaij = (1) (Li®er,) 0§} =t ue)LiviL;)  OF) .

Ous,ij = (18)(Q;dur,) OS(QJJ-:@T(@L@)(QMQJ-> o8

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)

>

= oT (DY @) (Liv'oaly)
>

= ‘bT(Dau‘I’)(Qi“/“Uan)

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,

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 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)

Ous.ij = (21)(Qiduny) 04 ;; = (D4 2)(Qir" Q)

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;)

Op = (Du®) B (D, ®) |

>
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

2 . 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?:
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:

> >

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, TGV

2 . 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?:
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

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 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 ’ a
Du® = (9, + %9 By +ig % W) ®, Buy = i% By, Wy =i§o Wi,
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The right of choice

Higgs interactions with gauge bosons?:
Ogg = @te Ge gumv oww = etWw,Wwre
Opw =@ B, WHe | Ow = (D,®) Wi (D, @) , 0p = (D@) 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
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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 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
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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 Ge gumv Ooww =& W, Wwe Opp =@ B, B"a |
Ow = (Du®)IWH (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

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 f
Cors = %r az000 Ty Oww g
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Effective Lagrangian for Higgs Interactions

Effective Lagrangian for Higgs Interactions

asv fg fw f /B fbo fr
Lopp=— 19 06 + VW o + 5 Ow + 505 + o + —O
eff o azcc a2 Oww w B d®,33 e®,33
Unitary gauge: (+ fBB OBB)
1 2
eV = gugg HGL, G 4 gy HAW AR 49\ A, ZH0YH + oF) HALZMY
+ 99, ZuzhoVH 4+ 93, HZu ZMY 4 g(l) w (Wi, W™ 0" H + h.c.)
2 —
+ g HW LW
Hff _ f 7 opl
Losi = 9m;; fLfrH +he.
_ s fgv _ g®vs®\ fww + BB
9Hgg = ~ o5 y9H~~y = el T
W (%) sUw - fB) @ _ [d*v) sl2s°feE — 2% fww]
Iuzy = | 92 2¢ IHZy T\ gp2 2¢ ’
Q[ Ffw + 5% fp @ v\ s*fpp + tfww
IHzZ = \9p2 ) T 222 IHzZz T T \ga2 ) T 22
1) ([ d*v) fw (2) _ g%v
rww = 5n2 | 5 Iaww = "\ 5a2 fww
2
£ v roo
IHij = + VA2 Fre,ij
Juan Gonzéalez Fraile (UB) Higgs Hunting 2013 Orsay, July 26th 2013

5 /11



Analysis Framework

The statistical analysis

X

Juan Gonzéalez Fraile (UB)
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Analysis Framework

Adding TGV and EWPD

Data on triple electroweak gauge boson vertices:

n2

_ _ _ Av _
Lwwy = —igwwv{QY (WhLw™rvY —whivw ™) 4wy wiwy v 4 SR whw "f’vp“}
m
w

2 9202
. _Z_ 4 _
with Agy =9 1= 8c2 A2 fw
A TP (fw +75)
K = ky — 1= R
v vy sz W B
2. 2
gv 2 2
Ak =ky — 1= (c — s )
z z 3ZAZ fw B
LEP data:
z 0.049
91 = 0'984:),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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Present Status

. Y9cc Oww Ow Op Obot Or
T \ T AT T 1 p
o | [ | I} - ! ]
57\\7}\ I B EIN! r‘/]‘
D R
TS . I (I I | S O A |3 W |
L AR Sl A NiAR YT AV
Y At LI | B T e
A \j S av!\j f |
v | - A [
Tt RTVT /R TV /R TV 1N TVE /N TV f,/A2 Tev"l's
. Oca Oww Ow OB Opot OBB
o T | |
| |
7F 1k Eoo | : A
M3 ii % F Ar ‘\ “‘ HES r’ A “
U0 N
A I R ‘
s ; | \\ JE| SR \’! 4 |
2fF AE /,, \ | E\ /J,, | i/ \ |
Ay Vialla B A\ 1Al
 RVASRVA Y VAR N8 B
v fo/ N TV T fog/ N TeVE

° /N TV

Juan Gonzéalez Fraile (UB)

/R TV f/RTVE " /R TevE

Higgs Hunting 2013

Orsay, July 26th 2013

8 /11



Present Status

BRs and production CS

arXiv:1207.1344, 1211.4580
http://hep.if.usp.br/Higgs

Tevatron+LHC+TGV

L B S
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A o i
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5
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©
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O/ O™
1
3 4

40
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Determining TGV from Higgs data

Determining TGV from Higgs data st SR

@ Gauge Invariance — TGV and Higgs couplings related: Oy and Op
@ Complementarity in experimental searches: Higgs data bounds on
fw ® f5 = Ay @ Agf

541‘ 0.4 TR B BN BB
< F : = 1
03 [ ; Y ; .
- {HIGCS
C ' ] 2,2
0.2 g A —gZ_1= I ,
F ] 91 91 82 A2 fw
r b 2,2
C ] gcv
0.1 ; *: AK'\/ :"”"'y_lz ‘A2 (fW+fB) )
L 4 2
L i _ _ gv 2 2
0 F - Akyz =kz —1= 8C2A2(wa—5f3)
or | E
-0.2 | : ! =
L c—ATLASWZ = ]
~0.3 Lo IR R \ﬁ [
-0.1 -0.05 0 0.05 0.1 0.15

A91Z
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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 Lorp. SU(2)r doublet — SU(2)r x U(1)y gauge symmetry
linearly realized:

b
Leg = Z rzon )
n
So far observations consistent with Higgs boson.

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

@ Exploit interesting complementarity between experimental searches: TGV and
Higgs data

arXiv:1207.1344, 1211.4580, 1304.1151
http://hep.if.usp.br/Higgs
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Discussion and Conclusions

Discussion and Conclusions THANK YOU!

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

b
Leg = Z rzon )
n
So far observations consistent with Higgs boson.

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

@ Exploit interesting complementarity between experimental searches: TGV and
Higgs data

arXiv:1207.1344, 1211.4580, 1304.1151
http://hep.if.usp.br/Higgs
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Discussion and Conclusions

CMS vrs ATLAS
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Discussion and Conclusions

2d correlations

Tevatron+LHC+TGV
] RARANRARY  \RRNRARANLA7-RARRNRRRRS NS ]
Coas i ]
é £ 1F ]
St 1F E
< £ L 3]
D15 ¢ 1k g
EFit with f, fafufa 1E Fit with fofufwfafer ]
10 fo=F,=0 1r =0
5 F g E
of @ @ it E
5 oo o 3 1
2-10 1 2 3 4 52-10 1 2 3 4 5
fou/ N [TEV2) Fru/ N [TEV2)

Tevatron+LHC+TGV

25 BN IR S R I R | SRR A
Fit with £, fumfurfs 1 With Ty, s FusFo o]

fou=F,=0] f,=0]

ano SM
Oor/ Ot
- Bl N

2
o

L L L L L
05 1 15 2 25 05 1 15 2 25

BR,,™/BR,,* BR,,™/BR,,’
[m] = = =

Juan Gonzéalez Fraile (UB) Higgs Hunting 2013 Orsay, July 26th 2013

o

[ S N I |
L B

O T

- S B B B

Dac

13 /11



Discussion and Conclusions

2d correlations

Tevatron+LHC+TGV

f./N [TeV™

o
AL L L B

Fit with fg,fuw, fufs,fue and f,=07]

45 -1 -05 0 05 1 15 2 25

four/ N [TeV™2

=] & = = 2LNGe
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Discussion and Conclusions

Best fit and ranges

FIt With Joor = f~ =0 FIt with Jpor and Jr
Best fit 90% CL allowed range Best fit 90% CL allowed range
fq/A2 (Terz) 0.64, 22.1 [—1.8,2.7] U [20, 25] 0.71, 22.0 [—6.2,4.4] U [18, 29]
Fww /A2 (Terz) -0.083 [—0.35,0.15] U [2.6, 3.05] -0.095 [—0.39,0.19]
fw /A2 (TeV™?2) 0.35 [—6.2,8.4] -0.46 [—7.1,6.5]
75/A2 (TeV™?) 5.9 [—22,6.7] -0.46 [—7.1,6.5]
Fooe/A2 (TeV2) — — 0.01, 0.89 | [—0.34,0.23] U [0.67,1.2]
fr/A? (TeV_Q) — — -0.01, 0.34 | [—0.07,0.05] U [0.28, 0.40]
BRAZ° /BRI 1.13 [0.78,1.62] 1.18 [0.51,1.9]
BRES, /BRI, 1.00 [0.9,1.12] 1.04 [0.43,2.0]
BRYY’/BRY 1.10 [0.9,1.4] 1.04 [0.43,2.0]
BRI°/BRyM 1.01 [0.95, 1.05] 0.99 [0.48, 1.3]
BRA"°/BRZM 1.01 [0.9,1.1] 111 [0.42, 2.6]
oano /oI M 0.90 [0.58, 1.35] 0.88 [0.37,2.4]
oo [ 1.01 [0.9,1.15] 0.99 [0.9,1.1]
a2 [o it 1.0 [0.56, 1.5] 1.03 [0.79,1.6]

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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