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Higgs = "raison d'étre” of LHC

O %500 physics papers over the last 5 years have an
introduction starting like “ 24e (rain) qoa/ of 2he LY/C is Zo

discover ZAhe Y//ﬁgé boson

O #9000 papers in Spires contain "Higgs" in their title
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with even a bigger peak since last Dec.!
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Higgs = "raison d'étre” of LHC

O %500 physics papers over the last 5 years have an
introduction starting like “ 24e (rain) qoa/ of 2he LY/C is Zo

discover ZAhe Y//ﬁgé boson

O #9000 papers in Spires contain "Higgs" in their title
O 38x10° references in google (14x108 = 1% of Kim)

O ... no Nobel prize (so far)

Reasons of a success

O last missing piece of the SM?

O at the origin of the masses of elementary pc:lr"rlczles9
O unitarization of WW scattering amplitudes :
O screening of gauge boson self-energies
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Higgs = "raison d'étre” of LHC

O %500 physics papers over the last 5 years have an
introduction starting like “ 24e (rain) qoa/ of 2he LY/C is Zo

discover ZAhe Y//ﬁgé boson

O #9000 papers in Spires contain "Higgs" in their title
O 38x10° references in google (14x108 = 1% of Kim)

O ... no Nobel prize (so far)

Reasons of a success

O last missing piece of the SM?

O at the origin of the masses of elementary pc:lr"rlczles9
O unitarization of WW scattering amplitudes :
O screening of gauge boson self-energies

"Higgs = emergency tire of the SM"
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The UV behavior of the weak Goldstone

symmetry breaking: new phase with more degrees of freedom
SU(Z)LXSU(Z)R
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=> UV behavior of these Goldstone's? <
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The UV behavior of the weak Goldstone

symmetry breaking: new phase with more degrees of freedom
SU(Z)LXSU(Z)R
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=> UV behavior of these Goldstone's? <

. 2 Y — 6iaa7ra/v
Lonee = mig WIWH™ 4 §mQZZMZ“ = Tr (D,X'D, %) Goldstone of
SU(2).xSU(2)=/SU(2)v
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The UV behavior of the weak Goldstone

symmetry breaking: new phase with more degrees of freedom
SU(Z)LXSU(Z)R
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

= UV behavior of these Goldstone's? <
Y — 6iaa7ra/’u

1 2
Lonwes = miy WEWH™ 4 “m3 2,2V = UZTI‘ (D, =D, x) Goldstone of
SU(2).xSU(2)r/SU(2)y
prem— a ................... o a ............ a aa ..........................
Lo = 5 (O )? — 62 ((m0um®)? — (m*)* (8, 7)) +
contact interaction growing with energy

7_‘_61, 7_‘_(3

, A (m7" — mr?) = A(s, t,u)6"6 + A(t, s,u)6*°6"" + A(u,t,s)5%*5"
b N 7Td A(S, t, U) — ) Weinberg's LET
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The UV behavior of the weak Goldstone

symmetry breaking: new phase with more degrees of freedom
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= UV behavior of these Goldstone's? <
Y — 6iaa7ra/’u
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Lonwes = miy WEWH™ 4 “m3 2,2V = UZTI‘ (D, =D, x) Goldstone of
SU(2).xSU(2)r/SU(2)y
prem— a ................... o a ............ a aa ..........................
Lo = 5 (O )? — 62 ((m0um®)? — (m*)* (8, 7)) +
contact interaction growing with energy

7_‘_61, 7_‘_(3

, A (m7" — mr?) = A(s, t,u)6"6 + A(t, s,u)6*°6"" + A(u,t,s)5%*5"
b N 7Td A(S, t, U) — ) Weinberg's LET

the behavior of this amplitude is not consistent above 47v (*1+3TeV)
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What is the SM Higgs?

A single scalar degree of freedom neutral under SU(2).xSU(2):/SU(2)v

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

2 T hoo b2 h
Leowss = ZTI (DMZ DMZ) 1+ ZCLU | va — AlDLZ@DR 1+ c—

perturbative unitarity

v
W W’ growth cancelled for
s A . i g — CL282 a=1

h 2 s —ms restoration of

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IRV Goldstone of SU(2)LxSU(2)r/SU(2)v D, X ~W,
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What is the SM Higgs?

A single scalar degree of freedom neutral under SU(2).xSU(2):/SU(2)v

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

h
Leowss = ZTI” (DMZTD,UJZ) (1 +2a— 4+ b ) — )\wLZ”gDR <1 + C;)

'a’, 'b" and 'c’ are arbitrary free couplings

For a=1: perturbative unitarity in elastic channels WW — WW

For b = a®: perturbative unitarity in inelastic channels WW — hh

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L4
L4
L4
L4
L4
L4
L4
L4
. L4
L4
L4
L4
L4
L4
L4
4
-
-
-
A\
A 3
. a
-

Christophe Gr?/'ean A/t ernative %qqs wunder [ YC scred /‘ny 6 Seowl!, 24" Fed. 2012


http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268
http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011

What is the SM Higgs?
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--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

h
Leowss = ZTI” (DMZTD,UJZ) (1 +2a— 4+ b ) — )\wLZ”gDR <1 + C;)

'a’, 'b" and 'c’ are arbitrary free couplings

For a=1: perturbative unitarity in elastic channels WW — WW

For b = a®: perturbative unitarity in inelastic channels WW — hh

For ac=1: perturbative unitarity in inelastic WW — ¢ ¢

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Christophe Gr?/'ean A/t ernative %qqs wunder [ YC scred /‘ny 6 Seowl!, 24" Fed. 2012


http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268
http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011

What is the SM Higgs?

A single scalar degree of freedom neutral under SU(2).xSU(2):/SU(2)v

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .

h h? h
Leowss = ZTI” (DMZTD,UJZ) (1 +2a— 4+ b ) — )\wLZ”gDR <1 + C;)

'a’, 'b" and 'c’ are arbitrary free couplings

For a=1: perturbative unitarity in elastic channels WW — WW

For b = a®: perturbative unitarity in inelastic channels WW — hh

For ac=1: perturbative unitarity in inelastic WW — ¢ ¢

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L} 'C’EWSB can be rewritten as DMHTDMH 4}
1 . aa 0
H = _—¢0'™ /v
\ﬁe ( v+ h )

h and 7 (ie WL andZ_.) combine to form a linear representation of SU(2).xU(1)y
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What is a composite Higgs?

A o particle that combines with W and Z, to form a SU(2) doublet

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

. .
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

deviations of Higgs couplings originate from higher dimensional operators

2 — y 5
(0u/H*)" |HP*$Hy |H|*B,,B" |H|*G,.,G"

— —

relevant for irrelevant
composite Higgs models for composite Higgs models
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs ‘rrcmsfor'ms hon- Imear'ly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs ‘rrcmsfor'ms hon- Imear'ly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Examples:so(5)/s0(4): 4 P6Bs=W=_, Z., h

Christophe Grojean Alternative >f/{qq§ wnder [HC scrut VAR Seouly 24 Feb. 2012



Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs ‘rrcmsfor'ms hon- Imear'ly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Examples:so(5)/50(4): 4 P6Bs=W+, Zi, h
Minimal Composite Higgs Model
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs ‘rransfor'ms hon- Imear'ly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Examples:so(5)/50(4): 4 P6Bs=W+, Zi, h
Minimal Composite Higgs Model

S0O(6)/50(b): 5 PGBs=H, a
() ) T—L Next MCHM
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs ‘rransfor'ms hon- Imear'ly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Examples:so(5)/50(4): 4 P6Bs=W+, Zi, h
Minimal Composite Higgs Model

S0O(6)/50(b): 5 PGBs=H, a
() ) T—L Next MCHM

SU(4)/5p(4,C). 5 PGBs=H, s
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs transforms non-linearly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Higgs=Pseudo-Goldstone boson (PGB)

SM BSM
S0M)/ 03y » 6/,

Wi & Z, Wi & ZL & h

Examples:so(5)/50(4): 4 P6Bs=W+, Zi, h
Minimal Composite Higgs Model

S0O(6)/50(b): 5 PGBs=H, a
() ) T—L Next MCHM
SU(4)/5p(4,C). 5 PGBs=H, s

Minimal Composite
SO(6)/S50(4)xS0O(2): 8 PGBs=H1+H> T Two Higgs Doublets
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Higgs as a PGB: a natural extension of SM

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

One solution to the hierarchy pb: :
nggs transforms non-linearly under some global symmetry :

K N
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Y/oa) Can e Ze// 7 /le difference ot /7 Z‘/?e SM %//3\95 7
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SILH Effective Lagrangian

(strongly-interacting light Higgs)

® extra Higgs leg: H/ f ® extra derivative: 0/m,
: l____Q_g_qy_y_ng___gjg_png operators (sensitive to the scale f)
CH 2\? i cr <y N2 E YF | 1712 Co A\
- gp (0EP) g (a'Dha) S| FuH fa+ e, [
L R | hustodlpreaking G T
n Form factor operators (sensitive to the scale m,)
‘ ZCW R Y] U ) ‘ ZCB ( .‘. [ ) I/ |
2m2 (HUD H)(D W)’ om? H'D"H ) (0" B,
....................... ,J:ZZ:Z:Z'.:Z'.'.Z'.'.Z'.'.'.'.'.'.'.'.'.'.'.'.Z'.'.Z'.'.ZZ'.ZZ'.'.'.'.'.'.'.'.'.'.'.'.'.Z'.'.ZZ'.ZZ’.IIIIIIIIZII" 2
ZCHW gp ICHBi Yp °
DVMH DY HYW* DFH)Y(DYH)B
m?) 167’(’ ( ) ( ) 2% m{% ""‘167'('2( ) ( ) ,ul/‘
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Minimal Composite Higgs Examples

The SILH Lagrangian is an expansion for small v/f
5D MCHM give a completion for large v/f

a=+/1—¢

b=1-—2¢

]- . —\\ -\
miy = ZQQf2 sin®v/f = gaww = \/1 — fgfsbl\mdfw =

Fermions embedded in spinorial of SO(5) Fermions embedded in 5+10 of SO(H)

E mys = Msin2v/f
b

1 =28 gy

hff = mghff

C —

universal shift of the couplings

no modifications of BRs BRs now depends on v/f

(€ = */f)
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Deformation of the SM Higgs: EW constraints

The parameter 'a’ controls the size of the a - ‘a

one-loop IR contribution to the AAAAVAVAVAVAVAVAVAAVAVAVAY
LEP precision observables

€1,3 = c1,3log(my/p’) — c13a% log(mi /u?) —c13 (1 —a?) log(mi/;ﬂ) + finite terms

| o.01 oo oo |
i‘ | mp, = 120 GeV |
3 alm | 0.009 |
€1 =+t (2 2) | |
1674 cos® Oy 2 oos!
€3 = — L _almaz) 0.007}
127 4 sin? Oy ' |
€1 0.006] |
5 5 5 l | (SM) I
A€1,3 — —C1.3 (]. —Q )log(mp/mh) 0.005] |
| 0.004 g’ {;
| R — \ |
0.003| .a=10 (TC)
0.0030.0040.0050.0060.0070.008 |
€3
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Christophe él‘o‘/‘edn

EW data constraints on 'a
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EW data constraints on 'a
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Flavor Constraints

cii | H|? _ ;0%\ Yiiv -
(1 | ‘7]‘32‘ )yijfLinRj = (1 | 2}2) \/%qu;ij

36"U2> Yiil -
1+ — “—hfLifR;
mass terms / /<' 2f2 \/5 ’

Higgs fermion interactions

mass and interaction matrices are not diagonalizable simultaneously
if cij are arbitrary

= FCNC

Composite Higgs set-up: ¢ is flavor universal
(except may be for the top)

=> Minimal flavor violation built in

Christophe Grojean Alternadive ¥iqqs wunder LHC screding 14 Seouly 24 Feb. 2012



Deformation of the SM Higgs: current constraints

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2

C=a
1
\'\.\

: e I""\

0.8
k= =

al 'I

0.6 || LEP

80 100 120

Chris Z‘op/]e Grod'ean

MCHMy

140

SM‘a=1', 'b=1' & 'c=1

Current EW data constrain only ‘a’
Direct searches constrain also 'c’

160

| all 8//7051‘6 )% S — —
s 7 N MCHMs  c=(2a2-1)/a
TN MCHM5
0.8 [\ |
r\.w,r\,\\‘
\
N LEPzs
C|J0.6 ,
R 'LEI
fefm/op/?oéz‘c >///ﬁ9: '|‘ —_—
‘ |
i {
0.2
| ‘1.[-:1»,.;-,
) |
. | . . ' ’ ‘
€~ SM limit >0 ] ]
180 200 80 100 120 140 160 180 200 ]I
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Higgs bounds: news from last December
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Higgs bounds: news from last December

ATLAS-CONF-2011-163 CMS PAS HIG-11-032
2 T ' T 171 ' T 11 ' T T°1 | ' T 171 | ' T T1 ' T T1 ' T T1 ' T T1 T 1
\gm - ATLAS Prellmlnary 2011 Data X o% CMS Preliminary, N = 7 'Té1\'/ """ l___ SIS i
| — Observed ot 8 S Combined, L =4.6-4.7 fb :=: Expected = 10
S 10 ... Expected det 110-4.9 et Atitio =M Sve s T2 £ 0]
'E - H1o _ _f:)
5 [ [O+2o \s=7TeV =
c | |3
> 1
& 0
T T T T E
_I | |9||_ISI !_llrlrlllltsll I I | | I I | | | 1 1 1 I I 11 1 I | I T | I | I | I 1 1 l— 10‘;10 115 120 125 130 135 I14O I145 150 155 160
110 115 120 125 130 135 140 145 1go Higgs boson mass (GeV/c?)
M, [GeV]

2131 GeV 2127 GeV
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Rescaling Higgs Searches

O Higgs couplings modified w.r.t. SM but same kinematics

O Background processes unaffected
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Rescaling Higgs Searches

O Higgs couplings modified w.r.t. SM but same kinematics

O Background processes unaffected

b b b

simple rescaling of SM searches
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Rescaling Higgs Searches

O Higgs couplings modified w.r.t. SM but same kinematics

O Background processes unaffected

b b b

simple rescaling of SM searches

ONLO

NLO
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Rescaling Higgs Searches

O Higgs couplings modified w.r.t. SM but same kinematics

O Background processes unaffected

b b b

simple rescaling of SM searches

ONLO

NLO

I'(H— ff)y=c"TI"MH > ff),
IF'H->VV)=a*T*M(H - VV),
I'(H - gg) = *T"M(H - gg),

(cly+ajy)2

F(H — ’)/’)/) = (17+Jy)2

*M(H — yy),
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Rescaling Higgs Searches

» T bb YY 77 ww comb. » TT- Yy 77 ww comb,
20.0 MCHM5 20.0 MCHM5
1 &= U2 d lﬂ i _ 4 £ =025 4
o 10.0 CMS ) ] = el (ATLAS 1310
g 5.0 | ¢ g 5.0 f
| 1
b 2 O i 3 { 20 |
~ 1.0 ¢ | -4 1.0 }
0.5 z ‘ 0.5
120 140 160 180 200 120 140 160 180 200
my, [GeV] my, [GeV]
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Rescaling Higgs Searches

¥ bb YY ZZ ww comb. T . Yy ZZ Ww comb,
20.0 MCHM? 20.0 MCHM5
v 10.0} f €02 _ .. v 1004 £=025 ]
2 . (CMS 12111) : :2: G (ATLAS 1211) :
5 5.0 ¢ S 5.0 |
=
'S 5
= 207 T 20|
k -~
b 1.0 } ] 10 T 7 S R, B B o UREN Bk P
0.5 ] 0.5 4
120 140 160 180 200 120 140 160 180 200
my, [GeV] my, [GeV]

each search channel is rescaled individually
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Rescaling Higgs Searches

TT bb YY ZZ ww comb. T Yy 77 Www comb,
20.0 /,./\ qu\gss 20.0 MCHM5
w 10.0 } £205._ .. o 10.0 } §202 ]
= (CMS 1211) é (ATLAS 1211). ]
5 5.0 | S 50 f
= 5
g & | T 20|
S 1.0 ¢} : 1.0 |-\f-F-mm--desllITvmemn L W raraet
0.5 ] 0.5 ‘
120 140 160 180 200 120 140 160 180 200
my, [GeV] my, [GeV]

each search channel is rescaled individually

all the channels are then added in quadrature

1 :Zl

2 2
lucomb i luz
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Deformation of the SM Higgs: current constraints

the SM exclusion bounds are easily rescaled in the (mu,a) plane

o cza  MCHM:
MCHM4
- EWsox \":'\
< | LEP
| N Y
’ | |
0.2 | ;‘
| ¢
B R S s, S e I o .f&”
80 100 120 140 160 180 200 }'
My [GeV] |

—SM limits -+

MCHMs  c=(2a?-1)/a

| 0.2 |
1\

180 20
My [GeV] |

120 140 160

100

LHC tsunami!

the LHC can do much more than simply excluding the SM Higgs
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Higgs bounds: news from last December
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Higgs bounds: news from last December

& [ ATLASPreliminary ~ 2011Data | 3
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Higgs bounds: news from last December
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95% CL Limit on o/cy,,

Chris Z‘op/ﬁe Grod'ean
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Higgs bounds: news from last December

B ATLAS Prellmlnary 2011 Data ]

| — Observed 4

- ---- Expected Ldt =1.0-4.91b

- [E+1o

i (I:LS I_Iirnitsl I I I I I | |
110 115 120 125 130 135 140 145 150

M, [GeV.

107

110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)

a 120-130 GeV higgs is very interesting (from the exp. point of view)
since many competing decay channels
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News from two weeks ago
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News from two weeks ago

m, =124 GeV CMS \s=7TeV
— I Combined (68%) L= 4.8 fb’

—- Single class

Dijet-tagged_
L
B Both photons in barrel, R™">0.94 |
—— 9
B Both photons in barrel, Rg""<0.94_
i

One or both in endcap, Rg“”>0.94_

One or both in endcap, Rg""<0.94_

Higgs: stronger and more exciting
Christophe Grojean Al ernative Yiqqs wunder LY/C scruting 2 Seoul, 247 Feb. 2012

@

q

Anonymous said...

is there any sensible theory that explains a possible enhanced VBF? It seems it
requires a larger VVh coupling than in the SM. But | thought that no theory in the UV
allows that. Perhaps an enhanced hgg vertex is more likely.

cheers

8 February 2012 02:32

Jester said...

Anon, increased VVh coupling is impossible in popular extensions of the SM, like the
MSSM or composite Higgs, but there is no no-go theorem. There is an old obscure
model by Georgi and Machacek where this can be realized.

8 February 2012 10:50
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News from two weeks ago

I
m, =124 GeV CMS,\s=7 TeV
— ] Combined (68%) L = 4.8 fb’ ]

—- Single class

Dijet-tagged_

Both photons in barrel, Rgmi”>0.94_

Both photons in barrel, Rg""<0.94_

. J— T |

One or both in endcap, Rg"”>0.94

» - MCHM5 Dicts
B One or both in endcap, Rg""<0.94_ Mh = 125 GeV // \\ 'Y’Y'I' Je
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All channels together

Channel [Exp]

mp|GeV] (Local Significance)

p=o/osn (L)

Scaling to SM

pp — v [ATLAS]

pp — ZZ* — LT L~ 4T ¢~ [ATLAS]
pp — WW* — (Yvi-w [ATLAS]

pp — v jj [CMS]
pp — vy[CMS, b, RP™ > (0.94]
pp — vy[CMS, b, RP™ < 0.94]
pp — 7 y[CMS, e, RF™ > 0.94
pp — 7y[CMS, e, R™ < 0.94

]
]

pp — Z Z* — £+ 4~ ¢+ (= [CMS]

pp — WW* = 4T v~ b [CMS]
pp — bb [CMS]
pp — TT [CMS]

126.5 + 0.7 (2.80) [22]
126+ ~ 2% (2.10) [22]
126+ ~ 20% (1.40) [22]

124 + 3% [10, 11]
124 + 3% [10, 11]
124 + 3% [10, 11]
124 + 3% [10, 11]
124 + 3% [10, 11]

126 + 2% (1.50) [11, 24]
126 £+ 20% [10, 25]

124 + 10% [10]
124 + 20%[10]

2705 [23] (2.6)
1.275°2 [23] (4.9)
1.270°5 [23] (3.4)

3.7 [11]
1.5 7 [11]
2.11312 [11]
0.072-9 [11]
411598 1117
0.5759 [10] (2.7)
0.770-¢ [10] (1.8)

1.277°2 [10] (4.1)

0.8712[10] (3.3)

~ ¢*Br, ,[a, ]
~ ¢*Brzzla, (]
~ ¢ Brywla, c]
~ a*Bry,[a,c
~ ¢ Br, 4 [a, ]
~ ¢*Br, - |a, ]

~ ¢*Br, - |a, ]

~ ¢*Br, - |a, ]
~ c?Bryzyzla, ]

~ ¢ Brywla, c]
~ ¢? Brygla, ]

~ ¢? Br,z|a, c]

in the presence of
excess, the combined

limit is stronger than the

combined quadrature

Z (per, — /f§2

(uf, — fi

1

()

/ALQ

(pty — f1)?
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Model independent fit to LHC data

| Fit to LHC Higgs like data, inclusive

note: a fermiophobic
Higgs is disfavored by
data (mostly VBF
channels)

CMS 95%CL exclusion

Two minima:

(a,c)=(1.13,058) |
v2=2.86

(a,c)=(0.96,-0.64)
v°=1.96

for similar analyses, see also
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Model independent fit to LHC data

| Fit to LHC Higgs like data, inclusive

--- ‘: 3 : note: a fermiophobic
| | Higgs is disfavored by
| T data (mostly VBF

N 4 channels)

CMS 95%CL exclusion

Two minima:

(a,c)=(1.13,0.58)
v°=2.86

—_—

(a,c)=(0.96,-0.64)
v°=1.96

for similar analyses, see also
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Which are the channels driving the fit?

.~ both couplings

Fit to LHC Higgs like data, y

4

almost o
almost (a,c)«>(a,-c) symmetric mosT constraining
no constraints at the moment hote: even if I'(h—y7y) is not really
large a are disfavored modified (no operator |H|*B,, B"" ),

BR,, has strong dependence on 'a’ and 'c’
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Which are the channels driving the fit?

~,  Fitto LHC Higgs-like Data | ,  Fit1o LHC Higgs-like Data
:' : L L L B A AL : ! :' T T T T T T T AT | :
| - CMS ! - ATLAS o
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What to see at LHC @ 8 TeV?

‘ Constant o x Br(ZZ)/ox Brg(ZZ)
3 [ T T T T T T i T T T T “ T \\ T U‘ 1T T

|

Constant oygf X Br(yy)/overx Brsm(yy)

3 —————————— ‘
, L

-
-
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e —————T
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L7 AR 77

Constant o x Br(yy)/osm X Brsm(yy)

/Z

05 10 15 20

a
Constant o X Br(771)/0 X Broy(r7)
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How to distinguish the two minima

the (a,c)<>(a,-c) symmetry is broken in the yy channel

Fit to LHC Higgs like data, inclusive

/7
/// i,
I
/
i

07
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Conclysions

EW interactions need Goldstone bosons to provide mass to W, Z
VAR J ] 4 4

EW interactions also need a UV moderator/new physics
to unitarize WW scattering amplitude

: We'll need another Gargamelle experiment
“to discover the still missing neutral current of the SM: the Higgs
: weak NC < gauge principle

Higgs NC < ?

------------------------------------------------------
----------------
...............
..............
............
IIIIIIIII
........
--------
--------
------
llllll
-----
-----

Strong EWSB w/o an elementary Higgs can be very similar to SM

it might take a long time to decipher the true dynamics of EWSBI!
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An Emergency Tire Even Beyond the SM

"Higgs = emergency tire of the SM"
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An Emergency Tire Even Beyond the SM

"Higgs = emergency tire of the SM"

Altarelli @ Blois’10

[ picture courtesy to Andreas Weiler]
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