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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 (s1ain) qoa/ of 2he LHC is 2o

discover ZAhe V//ﬁgé boson

O %11'000 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 %11'000 papers in Spires contain "Higgs" in their title
O :%xlOé references in 9009'6 (14X106 % 1% of k€ requested by the
O .. no Nobel prize (so far) German banks to the Greek government)

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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http://confs.obspm.fr/Blois2010/Altarelli2.pdf
http://confs.obspm.fr/Blois2010/Altarelli2.pdf

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

the behavior of this amplitude is not consistent above 47v (*1+3TeV)
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http://inspirebeta.net/record/119348?ln=en
http://inspirebeta.net/record/119348?ln=en

What is the SM Higgs?

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

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

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

h 2 s —ms restoration of

perturbative unitarity

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

IRV Goldstone of SU(2)LxSU(2)r/SU(2)v D, X ~W,
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http://arXiv.org/abs/1002.1011
http://arXiv.org/abs/1002.1011
http://link.aps.org/abstract/PRL/V30/P1268
http://link.aps.org/abstract/PRL/V30/P1268

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

. *
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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 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 — ¢ ¢

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

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

Christophe Grojean 7 he % q9s Sector A DESY, 182" April 2012



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 (hot for dilaton)
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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

Minimal Composite
SO(6)/S50(4)xS0O(2): 8 PGBs=H1+H> T Two Higgs Doublets
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http://arxiv.org/abs/0902.1483
http://arxiv.org/abs/0902.1483
http://arXiv.org/abs/arXiv:1105.5403
http://arXiv.org/abs/arXiv:1105.5403

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/‘
"""""""""""" "wm|n|malcoup]|n9h_>,yZ )u,loopsuppr.essedsfr‘ong dynam|cs
C ...... ,..g 2..,9 2, ............................................ C ........ ,g ...............................................................
ak B/ QHTHBWBWE 92 A Uy L H HGe GW
-, lOTRgy m 167‘(’ g I
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http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164
http://arXiv.org/abs/hep-ph/0703164

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. 0l —m ——-—rornono— '}
i‘ | myp, = 120GeV
3 a(m | 0.009 i
€1 =+t (2 2) | |
1674 cos® Oy 2 oos!
€3 = — L _olmz) 0.007}
127 4 sin? Oy ' |
€1 0.006] |
5 5 5 l | (SM) I
Aer3=—c13(l—a )log(mp/mh) 0.005/ -
| 0.004 g’ {;
| R p— \ |
0.003| .a=10 (TC)
"~ 0.0030.0040.0050.0060.0070.008 |
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http://arxiv.org/abs/arXiv:0706.0432
http://arxiv.org/abs/arXiv:0706.0432

O EW data require
less than 15-207%
deviations in the
couplings of the

Higgs to gauge
bosons

Christophe él‘o‘jedh

EW data constraints on 'a
EW fit with SM degrees of freedom + (composite) Higgs
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O EW data require
less than 15-207%
deviations in the
couplings of the

Higgs to gauge
bosons

note:

additional UV
contributions o S
and T can modify

the preferred
values of couplings

Christophe é/‘o‘jedn

EW data constraints on 'a
EW fit with SM degrees of freedom + (composite) Higgs
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O EW data require
less than 15-207%
deviations in the
couplings of the

Higgs to gauge
bosons

o EW data don't
constraint

the other Higgs
couplings

note:

additional UV
contributions o S
and T can modify

the preferred
values of couplings

Christophe é/‘o‘jedn

EW data constraints on 'a
EW fit with SM degrees of freedom + (composite) Higgs
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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
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--------------------------------------------------------------------------------------------------------------------------------------------------------------

SM‘a=1', 'b=1' & 'c=1

C=a
1
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0.6 \LEP
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Chris Z‘op/]e Grod'ean

2

MCHMy

140

Direct Searches

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

Current EW data constrain only ‘a’
Direct searches constrain also 'c’
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http://arXiv.org/abs/1003.3251
http://arXiv.org/abs/1003.3251

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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http://cdsweb.cern.ch/record/1406347/files/HIG-11-032-pas.pdf
http://cdsweb.cern.ch/record/1406347/files/HIG-11-032-pas.pdf

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
(I, +J,)?

I'H — yy) = PMH — yy),

Christophe Gr?/'ean 7 he %qq\f Sector

DESY, 15" April 2012



Rescaling Higgs Searches

T bb YY ZZ ww comb. T Yy 77 ww comb,
20.0 - MCHM5 20.0 MCHM35
w 10.0} of £598_ ., o 10.0 §202 ]
= (CMS 12111) E : (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 combined
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http://arXiv.org/abs/1003.3251
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Rescaling Higgs Searches

How robust is our TH combination?
Let's look at the SM (a=c=1)

3 |
I CMS
2.5 m
z 2
o 2F 1 . o
o 'S
s | 5
= 1.5 - A=
£l :
S ~
O 4 O
| Q‘_\cf\\ 5
&R 05F \ X &
I I ! I
?10 120 130 140
my, (GeV)
- improved combination
official

Chris Z‘op/ﬁe Gr?/'edn

in quadrature
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See also
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http://arXiv.org/abs/1202.3697
http://arXiv.org/abs/1202.3697
http://arXiv.org/abs/1202.3415
http://arXiv.org/abs/1202.3415

Deformation of the SM Higgs: current constraints

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

N 1 ' cza  MCHM; | MCHMs  c=(2a2-1)/a
r‘ e S T T T ] | | 1 B S —— 1
| s | B = ’ Tevatron |
a 0.8
- _E\\"il,l-‘ ¢ \
2 ] ~N_0.6
: LEP lc
. iz"\ H‘__‘
- ,‘ L
B | | il 02 |
| ‘ | n | | |
| S8R o s SR S P e s R p—— SM ||m|1's "“"‘)0 e l L .- i
80 100 120 140 160 180 200 80 100 120 140 160 180 20
My [GeV] | My [GeV] |

LHC tsunami!
the LHC can do much more than simply excluding the SM Higgs
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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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Various Search Channels

o X BR
(O‘ X BR)SM

signhal strength |, =

£ Ao T T £ 6 Ay ae g I T L T T T T c 25T T
‘g‘y - ATLAS Private H—-yy . ‘éa - ATLAS Preliminary H—ZZ*lll E "é) r ATLAS Preliminary H—ZZ .
® 3 — Bestfit . 3 o b L , P o of L , R
G L i< JLdt=4.9 o ] £ OF Best fit det=4.7-4.9 fo! % F Best fit det=4.7-4.9fb1 ]
= F M) < ] T 4b -2InA(u) < 1 3 T 450 CI-2InAw) <1 =
S 2r \s=7TeV = S E \s=7TeV 3 S r \s=7TeV ]
@ F ] o 3 = o r ]
= 3 E ] L] e =
r ] 2 = E .
of = £ : 05 E
g = oF = o E
2F R i3 E 05 ] E
EH.MHI...‘IHH\....J..‘.lu..l..ml.u.l...z -2:_IIIIIIAJIl\IIIIIIIIIl\II\IIIIIII‘]IIIIIIIII\]l—: -1__I\\\IIIIIIJIIIIIIAII'IIIIII_I‘_

110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150 100 200 300 400 500 600
m, [GeV] m, [GeV] m, [GeV]
S 3F Rrpebia i T T T T ] B £ L B B S I AL ] £ U L S I I R R IR 7]
) [ ATLAS Preliminary H-WW ] o 4= ATLAS Preliminary H—bb - o o ATLAS Preliminary H-o1t ]
9] C ] 9] - ] 9] C .
= T — Best fit I Ldt = 4.7 b 1 £ 3 —Bestfit det=4.6-4.7fb'1{ £ [ —Bestfit —[Ldt=4.7fb'1 ]
s 2r [-2InA(u) < 1 7 s F [O-2Iniw <1 ] T 6F [-2InA) <1 -
5 Vs =7 TeV . 5 2F \s=7TeV 3 5 F \s=7TeV ]
7} L N (%) C ] » g ]
i 7 T e = F ]
E . O 3 2 E
0 — o /\_’_—‘—’__‘ . - y
L ] B i O ]
E - 2F ] 2F g
- | 1 | 1 | : -3; | | | | | _E -4:_ | | 1 | | | 1 1 | _:
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Various Search Channels

sighal strength

T

o X BR

o X BR)SM

Channel [Exp]

mp|GeV] (Local Significance)

p(per)

Scaling to SM

pp — v~ [ATLAS]
pp — Z Z* — £t 0~ (T {~ [ATLAS]
pp — WW* — (+t v~ v [ATLAS]
pp — v jj [CMS]
pp — vy[CMS, b, RS2 > 0.94]
CMS, b, REUn < 0.94]
pp — 7y[CMS, e, R2 > 0.94]
pp — 7y[CMS, e, R:® < 0.94]
pp — ZZ* — Lt~ (10~ [CMS]
pp — WW* =0t vl b [CMS]
pp — bb [CMS]
pp — 77 [CMS]

pp — Y

[
[
[
[

126.5 + 0.7 (2.8 ) [26]
126+ ~ 2% (2.10) [26]
126+ ~ 20% (1.40) [26]
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, 28]
126 + 20% [10, 29]
124 + 10% [10]
124 + 20%[10]

2702 [27] (2.6)
1.2752 [271 (4.9)
1.270°5 [27]1 (3.4)

3.773 [11]
1577 [11]
2.11732 [11]
0.0729 [11]
41750 117
0.5759 [10] (2.7)
0.719% [10] (1.8)
1.277°7 [10] (4.1)
0.8712[10] (3.3)

~ ¢*Br, ,[a, ]

~ c?*Bryzzla, ]

Chris Z‘op/]e Grod'ean
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Various Search Channels (after Moriond)

: BR
signal strength ~ ;, = .
(O‘ X BR)SM

Channel [Exp] t119.5 (159 5) po4 (i) pios (pise)
pp — v~ [ATLAS] 0.079-% (1.5) 0.8708 (2.6) | 1.6792 (3.9)

pp — Z Z* — €Y 4~ (T ¢~ [ATLAS] | —0.570577 (5.1) | 1.6755 (4.7) | 1.4T55 (4.1)
pp — WW* - ¢t ve~p [ATLAS] | 0.07;3 24) | 01707 (1.6) | 0.1707 (1.4)
pp — v [CMS] —1.1759¢ (1.3) | 1.5507 (3.5) | 1.610% (3.0

pp — ZZ* — 4t 0t 0~ [CMS] 2.071% (5.2) | 0575 (27) | 06702 (2.5)
pp — WW* — ¢+t v~ v [CMS] 0.970% (2.5 | 0.6707 (1.8) | 0.410% (1.5)

pp — bb [CMS] 04118 4.1) | 12113 (5.0) |1.2731 (5.2)
pp — 77 [CMS] 02197 (3.6) | 04115 (3.9) |0.6715 (4.1
pp — 77 [ATLAS] —0.97717 29 | —0.111% (3.4) | 0.171% (3.5)
pp — bb [CDF&D{] 1.570% (2.5 | 19758 (3.1) | 2.0705 (3.2)
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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

SM 82%CL
away from | c
best fit point

the current data
prefers "negative”
coupling to fermions

Two minima: | —27 o
I s positive interference
(a,c)=(1.13,0.58) S between fop and W in
vy channel
=286 I

(a,c)=(0.96 -0.64) _
v2=1.96

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

g Fit to LHC Higgslfke data

== ‘: 37 7 .; note: a fermiophobic
| : 1| Higgs is disfavored by
| ’ I data (mostly VBF
- 2r channels) at 96%CL
CMS 957%CL exclusion I
1
SM 94%CL
away from | ¢ 0
best fit point ?
| —-1-
I :
_9
3l
0.0

for similar analyses, see also
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Model independent fit to LHC data
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Which are the channels driving the fit?

- both coupling

- fermion couplings

Fit to LHC Higgs like data, y

1

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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CMS vs ATLAS

~,  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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Which Higgs mass?

i, === —

| mh =119.5 GeV | I

| 3 o 1 mh =125 GeV, CMS yy split

| L Yy 3

c E

|
““““““““““ 5 10 15 20

e __

(119.5,0.28,0.49, 9.8) (124,0.87,—0.43,4.1) (125,0.87,—0.42,4.6)

(mh7 a, C, Xz)
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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
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A tension between LHC and EW data

S EW fit strongly suggests custodial symmetry

| 0-009) f oo Goldstone of

| 10T
| =e SU(2).xSU(2)r/SU(2)y

0.007

€1 0.006]

| 5 A
0.005! UZTI. (DMETDMZ) = p — ]_ |e €1 = T

0.004|
|
0.003| 1 /

0.0030.0040.0050.0060.007 0.008

€3

2 ~
U—TIQ (ZTDMZO'B) = P = 2 e e=T=1
4 strongly disfavored

Christophe Grojean The ¥iqgs Sector 30 DESY, 18°" April 2012



A tension between LHC and EW data

e EW fit strongly suggests custodial symmetry
| 0w008 | \ S giotn® Goldstone of
] = SU(2).xSU(2)r/SU(2)y
€1 0.006] 1 | 9
0.005/ N (% "‘ 7! . .
- ZTr(DMED Y) > p=1iee=T=0
0.003} N /
0.0030.0040.0022.0060.0070.008 ‘» GISO # MZZ — MWW X

Channel [Exp] H1119.5 (M1ng.5) H124 (M1L24) H125 (MlL%)

pp — Z Z* — 44~ ¢+ ¢~ [ATLAS] | —0.510°7" (5.1) | 1.6755 4.7) | 14753 (4.1)
pp— WW* — (v~ v [ATLAS] | 00773 24) | 01797 (1.6) | 0.170¢ (1.4)

1. has LHC identified a violation of the custodial symmetry?
2. if yes, how to reconcile LHC data with EW data?
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DisZphilia or how to live with custodial breaking

UQ 37\ 2 h
Lopy=—— (Tr [ZTDMZU D 0+ 2a.— ~+ - - -
3 N

no custodial breaking / custodial breaking
in the vacuum Higgs interactions

i ™ h
W3 e - N B 712 ;" . N 712 12 12
’\/\/\/\/(\\ /)’\/\/\/\/ ——+—m—+—— s e
72/ B Wl,Q
h h h
‘o / T T T T
= B W
(a) (b) ()

) e (2 s ()

167 cos? Oy, q'

1 a(my) ) A?
A€y = 1 — c | — | .
e +487T sin? Oy 1= (a+aq)]log (m%

Note: quadratic custodial breaking couplings will give A% UV sensitivity in €1
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DisZphilia or how to live with custodial breaking

2
Lo=—% ([2'D,S0%)" (0+ 2%% L
EWPT parameters

0.010f
0.008F

0.006+

el

0.004

0.002F

0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 q
&3 '‘acy allows for larger range of values for 'a

Gcb:O; 0.95 £a¥f 1.1
Clcbzo: 04 £a¥f 1.5
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DisZphilia or how to live with custodial breaking

2
Lo = —% (Tr [XTD,% 6] )2 (o + 2%,,@

-- C:

h
9
v

marginalization over ¢

1

( %VW;WM_ + §m%ZMZM)

Chris Z‘op/]e Grod'ean

777e %qq\f Seclor

the two solutions can only be
distinguished in the presence of
interference with a single hZZ vertex

h
&
v

1

wWIw, — §m2ZZMZM)

"disZphilia”
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DisZphilia or how to live with custodial breaking
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Zphilia or DisZphilia?
difficult!

difference is physically relevant only in the presence of
interference with single hZZ coupling

h—-)ZZ-)L” — N———— TH prediction ILC (Vs=8006GeV and lab?)
i! A - ? It 12
| - - - - ---- - - - | — | =2 Z| =5~ 1% ~1% %P

I ——— e

25% ©
210% Sl
~10% ©
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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 < ?

------------------------------------------------------
----------------
...............
..............
............
.........
lllllll
--------
........
------
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-----
IIIII

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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