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Overview

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.

@ Choice of operators and basis — Driven by the data

Determine coefficients of operators using all available data: Tevatron, LHC, TGV, EWPD

Juan Gonzéalez Fraile (UB) IV Jornadas CPAN November 2012 2 /13



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)r @ 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).®SU2)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

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
2032 —20g,4 = » (yfjoed",ij + v Ouw ij + yij(odd),ij)T + h»C») s
ij

1 g’ 1 1 2
205+ Owp + Opp +9'° (‘%,1 - 5(9@,2) = Z(*goglg,ii + Eogc)g,ii - oSble),M + gofpli,u
7
_low
3 ®d,ii
1 g2 F
20w + Owp + Oww + g (‘%,4 - 5‘%,2) -T2 (0521 +050.i1)

i

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?:
Ogg = @te Ge, guv Ooww =& W, Wwe Opp =@ B, B"a |
Opw = @' B, WH'a | Ow = (Dp®)IWH (D, @) | Op = (D) B" (D, @) |
Op1 = (Du@) @ @t (DFe) | 0gp=Lom (eT0) 0, (2T0) | Opa=(Duo)T (DFe) (ale) |

Higgs interactions with fermions:

s = Wl Eteny) O, =0 oLty O~ e @G
Ouniy = @1 D@Q:buny) O5gi; = (DuB)(Q1"Q)) Ok i = *DUD(Q1"7aQ))
Ous,ij = (@1 ®)(Q;®dR;) O;I‘f,ij = ¢T(D£)‘I’)(éRi“/“eRj)

OF,i5 = T Du®)(ar, 2 ur,)

Ofa,ij = ¥ (Du®)(@r;2 dr )

oc(blazd,ij = ‘iﬁ(Du‘I’)(ﬁRﬂ“de)

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

2 . . & g’ 2 .
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?:
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In the absence of theoretical prejudice chose a basis where the operators are more directly related to the
existing data
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EWPD at tree level,
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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 scatt., atomic P, FCNC, Moller scatt. P and ete™ — ff
at LEP2.

EWPD at tree level, TGV
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The right of choice

Higgs interactions with gauge bosons?:

Ogg = @to Go g, Oww =& W,, WHe |
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EWPD at tree level, TGV
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Effective Lagrangian For Higgs Interactions

Effective Lagrangian for Higgs Interactions

asv fg fww B oo
Leps =~ p206ct =5 Oww + 750w + 505 +
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Effective Lagrangian For Higgs Interactions

Effective Lagrangian for Higgs Interactions

asv fg fw f fB f
Lopr=—22009 g0+ IWVW + I
eff ar a2 0CC 2 Oww e®,33
Unitary gauge:
8V = gmgg HGL, G + gpyy HAW AP +g\7) A 2"V H + g\, HAL, 2"
+ o), Zuzto"H 44D, HZ.ZM 4 g(l) (W;ruW* HovH 4 h.c.)
2 —
+ 9w HWEw—
H 7 opl
chr = g{”j FLfrH +h.c.
B __as fgv B _ g%vs?\ fww
Hog = Tgr Az P IHYY 242 2
W _ () sUw — fB) 2 _ g%v scf
917y = \opz ) = 2a 1y IH 7y = o2 WWwW
ay (% Pfw + 5% (2) _ ?v\ S fww
IHzZ 2A2 2¢2 IHZzZ = 2A2 2 ’
(1) g*v\ fw (2) g%v f
Iaww = \ 582 | IHWW 2a2 ) IV
2
f _ v ’
IHij = — + VaAZ Traij
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Analysis Framework

Analysis Framework: Collider data

exp
2 . (/'L 'u‘] ) Epull
X° = min — + —_—
3 - (o o
pull =5 J pull pull
‘Where
F _ano ano ano
g = 6gg"gg ( +‘fg)+€VBF(’VBFJFEWH(’WHJFEZH(’ZH +€ttH‘7ttH Br?"%lh — F]
F = SM SM
fgosM + U proVEr T elvnoWE T EnoZH tefiuoiin BrSM[h — F]
ano ano
o rene(h — X)
a_;x,no — Y o_;’;;M Fano(h N X) — FSM(]_L N X)
oSM soa ISM(h — X) soa
Y ltree tree
T T T Fedo T T T T T 7
bb CDF & DO e | ——
Untag3 31 ——
bb ATLAS7TeV_____o brUntag2 718 i =_’—
bb ATLAS 8 TeV Buntag1 7% N
bb CMS 7+8 TeV D e Untag 0 7% e——
| i s ——
77 ATLAS 7+8 TeV e freTw ——
7 CMS 7 TeV D —— Unc cent low pr 37 —teds—
. : Unc cent high p,21".
CMS 8 Tev L S
" © i Unc rest low py J1% e
WW" CDF & DO ——— L, Unc rest high pr 712 JEE——
WW —>uly ATLAS 7 TeV —e— [ Conv cent fow pr31 e
WW —> (vly ATLAS 8 TeV L e ke — ———
: Con rest low pr 18 __| ji——e—
WW —>Iuly CMS 7+8 TeV [— —
ZZ'—> 4] ATLAS 748 TeV [ S Convtron i) ————roire
' 2-jets 774 :
72— 4] CMS 7+8 TeV [ IEE ot | =
[ O B B B | T T T U O I BB
-7 6 -5 -4 -3 -2 -1 0 1 2 3 -10-8 -6 -4 -2 0 2 4 6 8 10 12
Signal strength (u) Signal‘strength (u)
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Analysis Framework: TGV and EWPD

Data on triple electroweak gauge boson vertices:

_ _ _ Av _
Lwwy = —igwwv{gY (WL W™ BV — WiV w ™) 4wy wiw v 4 m—QW:,,W "f’vp“}
w

2,2

. Z  _ Z 4 _ gv
with Agy =97 —1= SZAZ fw
2,2
Ak =ky — 1= Y (f + f )
¥ ¥ sz Uw +iB)
2,2
_ 1 gv 2 2
Akz =kz—1= 3eZAZ (C fw —s fB)
LEP data:
zZ _ +0.049
g1 =0.9847 49
_ +0.024
Ak~ = 1.004170022
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 U = 0.03 £ 0.09
1 0.89 —0.55
= 0.89 1 —0.8
—0.55 —0.8 1

Juan Gonzéalez Fraile (UB) IV Jornadas CPAN November 2012 7 /13



Present Status

2 g :
5 N r
Ax” vrs fx N 2
%
o [
Columns (analysis): i L
3 L
o3 n
Ist: fg, fww, fw, fB ; E
2nd: fg, fww, fw, fB: foot 3 G
3rd: fg, fww, fw, fB, foot, fr
o
N
Raws (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/ )
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Present Status

BRs and production CS

Tevatron+LHC+TGV
~%< 8 Hoa=F=0 JE1 577 777
6
4
2
ok
sl
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¥ ]
6 |- 3
4 5 ]
2
Sl A M TTRTI SRR S |
0 2 4 6 0 1 2 3
BRnnn/BRSM Unno USIA
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2d correlations

Present Status

Tevatron+LHC+TGV

b &

Fit with ,, fumfusfe
fou=f,=0

[}
s

w

: : L
2-10 1 2 3 4

52 -1 0 1

Tevatron+LHC+TGV

2
fun/ N [TV T/ N

3

Fit with f,fum fusfesFot
f,=0

4 5
[Tev™2

aro M
Ogat /N Ogat
- tn [N 13

2
o

]
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Present Status

2d correlations

Tevatron+LHC+TGV

f./N [TeV™

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

415 -1 -05 0 05 1 15 2 25

four/ N [TeV™2

o ) = = A
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Present Status

Best fit and ranges

Fit With Jpor = fr =0 Tt With Jpor and /o
Best fit 90% CL allowed range Best fit 90% CL allowed range
fq/A2 (TeV’z) 1.4, 21.3 [—1.1,3.8] U [19, 24] 1.6, 21.1 [—27,5] U [17, 50]
Fww /A2 (TeV’Z) -0.43 [—0.85, —0.05] U [2.8, 3.6] -0.42 [—0.85,0] U [2.75, 3.7]
fw /A2 (TeV™?2) 1.70 [—7.2,10] 0.42 [—7.5,7]
75/A2 (TeV™?) 7.6 [—29, 14] 0.42 [—7.5,7]
Foot /A2 (TeV’2) — — 0.01, 0.89 | [—1.6,0.25] U [0.65, 2.5]
7. /A% (TeV~?) — — 0.02, 0.32 | [—0.08,0.13] U [0.2, 0.42]
BR7° /BRI 1.76 [1.1,2.8] 1.84 [0.1,3.4]
BRYPS, | BROM, 0.98 [0.75,1.15] 1.03 [0.05,2.15]
BR%'Y /BRY 1.13 [0.75, 1.5] 1.03 [0.05,2.15]
BR{® /BRI 1.03 [0.85, 1.1] 1.03 [0.4, 1.6]
BR2"° /BR5M 1.03 [0.8,1.1] 0.84 [0.05, 2.5]
oano /oI M 0.78 [0.4,1.2] 0.73 [0.25,12]
oW Jo g 1.03 [0.9, 1.25] 1.03 [0.9,1.15]
a2 [o it 0.98 [0.55, 1.4] 1.03 [0.55, 1.55]

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

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

__asv fg fww fw /B Jbot fr
Lepp=— B FOGG-F A2 Oww-i-ﬁow-i-poja-i- A2 Od®,33+p05<1>,33 .

@ Present status of the analysis using Tevatron, LHC, TGV and EWPD data:
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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@ Model independent analysis where the effects of new physics in the Higgs couplings
are parametrized in Leyy.
SU(2)r, doublet — SU(2)r, x U(1)y gauge symmetry linearly realized:

I \ j
Lot =Y 3500 THANK YOU!

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

asv fg fww fw /B Joot fr
=0 —0 —-0 =0 O, =0
3r A2 GG+ A2 ww + A2 wt A2 Bt A2 d<I>,33+A2

Lepr=— ed,33 -

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

S,T,U Parameters
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2 2
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A my
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Discussion and Conclusions

ATLAS vrs CMS
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