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EWSB on March 29, 2010 23:59 (Geneva time)

waiting for collisions... and still building models

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



EWSRB on MC(Y 17, 2010 16:19 (Heidelberg time)

first data, but we are still facing the same questions...

Christophe Grod'ean Beyono/ Zhe %%5 %e/a/e/éerg, May 5 o0



EWSB on July 31, 2011 (any time)

-1)

CMS Preliminary

—h— HZZ+HWW (6 TeV)
—a— HZZ+HWW (10 TeV)
—o— HZZ+HWW (14 TeV)
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the first LHC run is unlikely o change the picture

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs = “raison d'etre” of LHC

@ ~500 physics papers over the last b years have an
infroduction starting like

"The main goal of the LHC is to unveil the mechanism of electroweak symmetry breaking”,
"How the electroweak gauge symmetry is spontaneously broken is one of the most urgent and challenging
questions before particle physics.”

@ ~9000 papers in Spires contain "Higgs" in their title
@ ~3x10° references in google

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs = “raison d'eétre” of LHC

@ =500 physics papers over the last 5 years have an
infroduction starting like

"The main goal of the LHC is to unveil the mechanism of electroweak symmetry breaking”,
"How the electroweak gauge symmetry is spontaneously broken is one of the most urgent and challenging
questions before particle physics.”

@ ~9000 papers in Spires contain "Higgs" in their title
@ ~3x10° references in google (1% of M. Jackson)

@ ... no Nobel prize (so far)

Reasons of a success

@ last missing piece of the SM?

@ at the origin of the masses of elementary particles?
@ unitarization of WW scattering amplitudes

@ screening of gauge boson self-energies

Cﬁ/‘/‘sfop/}e, ér?/'ean _Beyono/ f/?e )%395 %e/c/e/éel‘g, Mdy lt}ih, 2010



The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

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

=» Where are these Goldstone's coming from? <

what is the sector responsible for the breaking SU(2).xSU(2)r to SU(2)v?
with which dynamics? with which interactions to the SM particles?

f\

common lore: from a scalar Higgs doublet
e \é‘y

] ( h* ) Higgs doublet = 4 real scalar fields

0
h 3eaten «—  — One physical degree of freedom
Goldstone bosons the Higgs boson

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

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

=» Where are these Goldstone's coming from? <

common lore: from a scalar Higgs doublet (.

Good
agreement
with EW data

(doublet = p=1)

But the Higgs
hasn't been
seen yert...

"Myth or fact?"
How close to reality is the SM Higgs boson?

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010
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The hierarchy problem

need new degrees of freedom to cancel A¢ divergences
and ensure the stability of the weak scale

g W= Z top
P r——————% " P A “—2~}
Lo oo 2
1 mfi mg — (115 GeV) (400 GeV) j

£ add a sym. such that a Higgs mass is forbidden until this sym. is broken

@ supersymmetry
@ gauge-Higgs unification
@ Higgs as a pseudo Nambu-Goldstone boson

& lower the UV scale

@ large extra-dimension
@ 10°° species

5 remove the Higgs
@ technicolor

Christophe Grod'ean Bt‘_’—yO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Hierarchy problem vs flavor: tension
Clash of Scales

X\ ?M*Flavor'

Higgs sector 7

A< 3-4 TeV
the higher The scale of new physucs the more fine-tuned the Higgs, ‘rhe less Ilkely a dusc;ver'y at LHC
Weak Strong

Techmcolor
H-<qq> dlm 3

'——_—‘..‘—-\,

— e —

H = elem. scalar'. dim=1

A2 ‘H‘2

F\HIQ
sick when A —

fine when A — «

|

vi; Hqiq; & E(Qi@jqwl)

FH%CL' & A2 (9:9;91q1)

fine when A = oo sick when A — o

Christophe Grod'ean Bt‘_’—yO/?O/ Zhe Y//ﬁgS e/c/e/éerg, May 5 o0



Hierarchy problem vs flavor: lesson?
Clash of Scales

i
X\ rQFlavor'

Is flavor ’relling us any‘rhing about the solution to the hierarchy problem?

rvermn
A < 3 4 TeV

o B, il

Weak Strong

Technicolor

Y ————————y, e - —— - ———
e o " e ——

H=<qq>: dim=3
1
p’H|2

H = elem. scalar: dim=1
A2 |H‘2
sick when A — o

fine when A — o

| ¢ 1 R e
1w HwuT & F(Qi@j@?k@l)

sick when A — o

_ i iy
vij Hqiq; &p(%QJ’QkQZ)

fine when A — o
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Hierarchy problem vs flavor: lesson?
Clash of Scales

ﬁ—nggs sec‘rors@ 7 \\ ’ Flavor :
A <3-4 TeV @ L/i iin; 5 TeV’#

." e batanting. o aitin

Is flavor telling us anything about the solution to the hierarchy problem?

Cdimu= 1but dim juz=4
would solve both pbs
but it seems impossible o realize

H=<qq>: dim=3
1
F\HIQ

H = elem. scalar: dim=1
A2 |H'2
sick when A — o

[Luty-Okui ‘04, Rattazzi et al ’08]

fine when A — o

| ¢ 1 R e
= HuT & F(QinQkQZ)

sick when A — o

_ i iy
vij Hqiq; &p(qiqjqk:(ﬂ)

fine when A — o

Christophe Grod'ean EeyO/?O/ Zhe %ﬁgS %e/a/e/éerg, May 5 o0



Hierarchy problem vs flavor: lesson?

reverm |/
A < 3 4 TeV

o B, il

Clash of Scales

i |
X\ rQFlavor'

Is flavor ’relling us any‘rhing about the solution to the hierarchy problem?

H = elem. scalar: dim=1
A2 |H‘2
sick when A — o

_ i iy
vij Hqiq; &p(%QJ’QkQZ)

fine when A — o

Chris Zo/ﬁ/ze Grod'ean

conformal TC

Strong

Technicolor

Y —— e < —
— e — » L ——

mixing elem. and composite fermions
dim qR,L=3/2, dim OR,deR,L
S s el s e S

dR—5/2 | dR—5/2 I dr+dr—4
AR AL A

dr . *5/2 solves the flavor pb

H=<qq>: dim=3
1
p’H|2
fine when A — o

| 1 R Jh
1w HwuT & F(QinQle)

sick when A — o

Beyona/ Zhe i 995 %e/de/éerg, May 17", 2010



Partial compositeness: fermion masses

mixing elem. and composite fermions
dim qR,L=3/2, dim OR,deR,L
IO R O e O

dR—5/2 | dR—5/2 I dr,+dr—4
AR AL A

\-—.\(—’)

amount of : : .
compositeiiess integrating out heavy fields
fqLr T e

s

--------------------------------------------------------------------------------------------
* *

Voerm ~ N Ny X RIS R M el T '
3 2 : ()
N KN iVC%(Mqui/quj

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

Christophe G/‘od'ean EeyOI?O/ Zhe %ﬁgS %e/a/e/éerg, May 5 o0



A multi-dimensional deformation of the SM

3 ca/ /ng dimension

7 o / (v /£
S Hp Ms 79s radjy,, A ; “\*\%> deviations of” >///ch5

pseudo—scalar miXing 1 couplings £rom SM

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



A multi-dimensional deformation of the SM

3 ca/ /ng dimension

nggs /e Ss e
C
gay h
i hob.. Hig n
gs :
/
"Higgs ¢
0]
/
- 0]
N i\\‘u l’gs | P ( Vv / AQ
scaling dimension  cop. n T\ devidtions of #iggs
5 Ol’ma / T :
of | %//%S / C 1 COap//n56 £ronrr SM

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0
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Unitarization of (Elastic) Scattering Amplitude

[Csaki, Grojean, Murayama, Pilo, Terning ‘03

Same KK mode 5| Ep
in.and out St ( )

9nnk 9nnk
gnnnn Innk Innk
gnnk 9Innk

contact interaction s channel exchange

o e e e e— - - — - — — — — — — — —

____________________________________________________________________________

«4<4) (gmm DA gnnk) (£ (3 + 6co — cf) +2(3 — cg) fe° f*°)

\‘\C—J O KK sum rules (enforced by 5D Ward identities)
JUCTLTIOG H\
:..'A(Q)m__ | 442 il Z 2 %]3 (facefbde 2 fabefcde
: Innnn Innk M2 89/2
k n

Christophe Grod'ean BeyOI?O/ Zhe %ﬁgS %e/c/e/éerg, May 5 o0



Collider Signatures

unitarity restored by vector resonances whose masses and
couplings are constrained by the unitarity sum rules

WZ elastic cross section
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VBF (LO) dominates over DY since

couplings of q fo W' are reduced

Chris fo/ﬁ/ze 6}‘?/862/‘)
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gwwzM
v MG v 14452 Mz,
a harrow and light resonance
no resonance in WZ for SM/MSSM

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

gww'z <

W' production

discovery reach

AT PP | o o e AT T T T S

Luminosity: 300 "7 -

Ej>3002l/ fb @ LHC

jfot/:l;l"j:? i (10 events)
______ 17,] < 25

|

{ 550 GeV — 10 fb 1
| 1 TeV — 601

N (events/100 GeV')

1000 1500 2000 25100 3000 S h ou l d b e seen

v : .
pai S within one/two year
Number of events at the LHC, 300 fb!

y |

500
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Facing EW precision data

At the lowest order in the Log(Rr/Ruv) expansion: S=T=Y=W=0

At next order S= i ~ 1.15 ..like in usual technicolor models

g*log(Rrr/Ruv)

S can be tuned away by delocalizing the fermions in the bulk
they will decouple from W', Z' etc

Setup stable under radiative corrections?

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010
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SM Higgs as a peculiar scalar resonance.
A single scalar degree of: freedom withino charge under SU2)xU()y

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

L —a—hTr (D, 2D b LR T (D,2'D,%)

'a’ and 'b’ are arbitrary free couplmgs

g | growth cancelled for
H%f A—i Sl a’ s° a=1

#0 V2 s —ms restoration of

+

perturbative unitarity

*
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

————— 'a=1' & 'b=1" define the SM Higgs =———-——
ﬁmass Iy ’CEWSB can be rewritten as DuHTDuH

PR 0
S T At
S V2 ; ( v+ h )
Lh and 7 (ie WL andZ.) combine to form a linear representation of SU(2).xU(1)y

Higgs properties depend on a single unknown parameter (mn)

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May B 95 00



Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?
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all resonances of strong sector,

Higgs decouple from SM;
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Composite Higgs
,@ universal behavior for large f
a=1-v/2f b=1-2v/f

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0

SM Higgs




How to obtain a light composite Higgs?

iggs=Pseudo-Goldstone boson of the strong sector
MHiggs=0 when gsm=0

to-Yuk
£ @ Strong global G
e - BSM symmetry / H residual
- i P 4 global symmetry
3 scales: UV completion
47 f -f 10 TeV
/ not directly

1 accessible to LC

M, = g,/ # usual resonances of the strong sector

‘ indirect
v = 246 GeV Higgs = light resonance of the strong sector probes

m p = mass of the resonances
m
0.

9p

Christophe Grodean BeyO/?O/ the i %5 e c/e/Aerg, May 5 o0

gp := coupling of the s‘rrong sector or decay cst of strong sector | =



What distinguishes a composite Higgs?

co> Mo (1HD 8, (1HP) ¢y ~00)

i
Lo ")
R o UO
F2tr (0,UTORU) = |0, H|? + ji (8]}]\2) ]H\ OH | + \HT0H|

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010



Anomalous Higgs Couplings

2 2% o" (|H|?) 0, (IHI?)  eg ~ O(1)

2

)@ T % <1+6H;2> (O*h)2 +

2

Modified Higgs couplings v

. a2
Higgs propagator rescaled by \/1 tents 2f?

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010



SILH Effective Lagrangian

(strongly-interacting light Higgs)

@ extra Higgs leg: H/ f @ extra derivative: 9/m,,

.-" 2"-.
? CH s C 9 y
'72; 1GP 2 QF[T E[BHVB/LV 92 16/0 t f[]L E[Ga Ga,,ul/
mp 7-(' i gpv m 7T g p :

[l
N,
‘e
e

Christophe Grojean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 12", 2010



EWPT constraints

2 2

; ] . - removed
R cr—| <2 x 1073
e I§> cr fz‘ by custodial symmetry

Barbieri, Bellazzini, Rychkov, Varagnolo ‘O7

g,T: alogmy + b

8-

S.T =a((1—cyé)logmy + cylogA) +b

; A CE RIS
e.ffec’rlve mzﬁ iy (_) S < ¥
Higgs mass mp,

LEPTL, for my~115 GeV: ML= WO

modified Higgs couplings to matter

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



Flavor Constraints

Ci"H|2 — C;
(l - ]f2 >yz’jfLinRg (1 2}2) \/—
3¢ 02 Y ekt
+ il ) ey
mass terms / /<Y 21 V2 4

Higgs fermion interactions

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

= FCNC

SILH: ¢y is flavor universal

=»> Minimal flavor violation built in

Christophe Grod'ean Bt‘_’—yO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs anomalous couplings

Lagrangian in unitary gauge

m%{ SN LT R my, v?
£ = Lo ( (ce — 3cg /2)h” + . —L ff(cy, +cu/2)h _CHTthW M_CHThZuZM) P—k

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
*

f/\ f W&W
gs M (1 i CH/Q)U2/f2) gs M (1 — ch2/f2)
N %4

L (kS f D= F (s p (2, - ) %/ )]

L'(h— 99)srg =L (h — g9)gy [1 — (2¢y + cr) v?/ f?]

Note: same Lorentz structure as in SM. Not true anymore if form factor ops. are included

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs anomalous couplings for large v/f

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

1
My = Zg2f2sin2v/f =>  gwww =V1—-Eanww
Fermions embedded in spinorial of SO(5) Fermions embedded in 5+10 of SO(H)
mys = Msin2v/f
()

Surses = ¢ Inff

universal shift of the couplings

no modifications of BRs BRs now depends on v/f

(E=v/1")

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs BRs

Fermions embedded in 5+10 of SO(5)

ww

My =120 GeV MH =180 GeV

Higgs BRs
Higgs BRs

h—>WW can dominate BRs remain SM like except
even for low Higgs mass for very large values of v/f

Christophe Grod'ean Bt‘_’—yO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Higgs BRs and total width

Fermions embedded in 5+10 of SO(5)

mu [GeV]
slight modifications suppress bb suppress WW

Higgs total width

125 150 175 200 225 250 275 300
mu [GeV

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0




[ (h— fHemnfneset s TS0 ==

Higgs anomalous coupli

I'(h— 99)dnp — A e [1 S 2c, arta UQ/fQ]

observable @ LHC?

2.0

1.8
1.6
1.4

I
1.0
0.8

A (0 BR)/(6 BR)

0.6
0.4

0.2
0.0

ATLAS

/Edt — 300 b~ !

o(VBE) BR(h—>17)
— — —- (VBE) BR(h—>yy)
o(h) BR(h—>yy)

----------- ol(ith) BR(h—> bb)

....... o(Zh) BR(h—> yy)

110

171 5%, 120 553024

mye (GeV)

Chris fo/ﬁ/ze GI‘OJeCZh

130

I35

140

1495156

A(0BR)/(c BR)

Q:5

O
o

S
N

ngs @ LHC

: I | | | | 1 | | I " | Y
! chQ/f2 =1/4 o(VBE) BR(h—>WW,ZZ) -
----------- o(tth) BR(h—>yy) 7

e/ fP=1/4 --- oty BRO—H)
o= - o(VBE) BRh—>1m) ]

P —
-
=
-~
—---
——
- _---_—-_----------_-

TR e O RN SRR NN
120 140 160 180 200
myy (GeV)
LHC can measure
(e 2)2 v2 )

CHF) Cyﬁ
up to0 0.2-0.4
l.e.4nf ~5— 7 TeV
N v
(ILC could go to few % ie

test composite Higgs up to 47 f ~ 30 TeV)

Beyona/ Zhe >///ﬁ95

Y eide/berqg, May 17, 2010



Composite Higgs search @ LHC

Espinosa, Grojean, Muehlleitner '10

the modification of Higgs couplings and BRs affects the Higgs search

—»— qqH, H-WW—hjj —a— H—ZZ-4l MCHM5
P 50 e HoWW—2[2y e s qqH, Ho>tt—14 CMS
Y large S [
M , compositeness scale

—¥— qqH, H>WW-—lvjj —&— H-ZZ-4l SM
=0 HSWW—212y e % qQqH, H>tt—=Il+j  CMS

signal significance
' for L=30/fb" ‘

—w»— qgH, H>WW—lvjj —a— H—ZZ—4l MCHME |

e HSWW—212y o Ko qgH, Hotr—is Vo

—8— Hoyy 30fb™
£=0.8

S—

small
compositeness scale

160 180 200
M, [GeV

C/zr/Sfop/hg éro(jedn 38}/0/761 Zhe %&95 %e/‘c/e/éerg, /V/ay 17#7, 2010



Composite Higgs search @ LHC

the modification of Higgs couplings and BRs affects the Higgs search

(FICHMs_2

contour lines of

FErarErEs = S/gnal significance
for L=30/fb

in the (¢,MnH) plane

H - ZZ - 212U}
MCHM5 1

(neglect effects from heavy resonances)

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Composite Higgs search @ LHC

Tevatron

Tevatron

180 200

Cﬁ/‘/‘sfop/}e, ér?/'ean _Beyono/ f/?e )%395 %e/c/e/éel‘g, Mdy lt}ih, 2010



Strong WW scattering

co> Mo (1HD 8, (1HP) ¢y ~00)

22
0 1 V2
H L v — e i 3 Ry o
(%>©L 2(1+ch2>(a h)? +
Modified Higgs couplings 1 D
Higgs propagator ~ U2N1_CH2_f2:1_€/2
ggs propag rescaled by \/1 +cH
.................... Ww

3 ) 72 no exact cancellation
Lo e P A
o M2, of the growing amplitudes

+ w

u
an®
anns®
anns
-----
-----
------------
-------------
-------------
................
-----------------
............................................................
.........................................
-------------------------------------

Even with a light Higgs, growing amplitudes (at least up tom )
A(WEWE — WEWE) = A(s,t,u)66 + A(t, 5,u)6%°6% + A(u, t, s)§46%

s
ALET(8,t,u) = 2 q Ag=¢ A
LET=SM-Higgs

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0




Strong WW scattering @ LHC

Even with a light Higgs, growing amplitudes (at least up tom )

A(ZL2) — WEWE) = A(WEWE — Z028) = —A(WEWE — WEWE) = 52
t b = +it
A(W*Z) 2 W*2)) = =5, AWEW, - WiWg) = CH(; )

A(Z220 = 2929) = 0

E o(pp — VpViX), = & o (pp — ViVeX) et
q \

LET(( =1) SM bckg
4.5 2.1
leptonic vector decay channels 15.0 36
forward jet-tag, back-to-back lepton, central jet-veto 9.6 14.7
39 EET >
=0 The

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Scale of Strong WW scattering?

S

Arr_ 77 ~ g2f(t/8) v iy R gy gl 3

f is a rational fct
expected O(1) for t~-s/2

L onset of strong scattering at the weak scale }

-

hard cross-section

'inclusive’ cross-section
(_S e Q?nin =l < _Q?nin)
ULL—>LL(Qmin) TN S Q?nin

Y S
1T 7T (Qmin) Mg,

dopr—rr/dt 5

T
dO'TT_>TT/dt t~—s/2 hMé‘V

N 1 NDA estimates

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010



Total cross sections
disentangling L from T polarization is hard

1000 1500 2000 2500 3000
Vs [GeV]

The onset of strong scattering is delayed to larger energies due to

the dominance of TT — TT background

The dominance of T background will be further enhanced by the pdfs
since the luminosity of Wt inside the proton is log(E/Mw) enhanced

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Coulomb enhancement (SM)

the total cross section is dominated by the poles ~ Wy,
in the exchange of y and Z in the t- and u-channels A |

erkonal limit

a, = 2 - (electric charge of W) az =2 (“SU(2) charge” of W)2
universal for T and L different for Tand L
+
7T+~“ T \\
/, + ,,
Tt e TT g i
5N\ OTT ST R S e 3 N 1/500

. *
...............................................

=» T-dominance is the result of multiplicity and larger SU(2) charges <=

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



EW bckg for WW — hh

g
=)
c
!
<
+

=3

t-cut
tot

g
=
c
!
<
+
=3
IS}
©

‘e

' —— LL — hh (MCHMS5)
LL — hh (MCHM4)

o

. —— LL - hh (MHCMS5) _
P LL = hh (MHCM4)

500 1000 1500 2000 2500 3000

500 1000 1500 2000 2500 3000
Vs [GeV]

Vs [GeV]

dO.LL—>hh/dt b 1 52 \/g 4
doTT—hh [dt — 8€2 4+ (1 —£)2 \ Mw

-------------------------------------------------------------------------------------------------------------------
*

ho T polarization pollution,
neither in the total cross section, :
nor in the central region :

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

Christophe Grod'ean BeyO/?O/ Zhe %ﬁgS %e/c/e/éerg, May 5 o0



Strong Higgs production: (3L+jets) analysis

Contino, Grojean, Moretti, Piccinini, Rattazzi 10

strong boson scattering & strong Higgs production
CHS

?

A (Z}Z3 — hh) = AW maethil) —

myp = 180 GeV

fermions in spinorial
cH=1

Dominant backgrounds: Wil4j, ttW2j, tt2W(j), 3W4;...

forward jet-tag, back-to-back lepton, central jet-veto

wer 1 R < iy /A5
significance (300 fb=1) | 4.0 | 29 | 1.3 | .
luminosity for 5o 450 | 850 | 3500 = good motivation to SLHC

Christophe Gr?/'ean Ee,yonc/ Zhe %ﬁgS %e/a/e/éerg, May et 2010




Higgs mass dependence

- BR(h—>WW)-=1

© £=05, MCHM5 [ £=1, MCHM5
O £=05, MCHM4 [] £=1, MCHM4

120 130 140 150 160 170 180 190 200

m,, [GeV]

@ production at threshold: xix2~4mn/s ox w/. mn

@ lighter Higgs, softer decay products, less effective cuts o4 w/. mj

Chris Z‘o/ﬁ/ze Grod'ean

Beyono/ Z e >f//ﬁ95 %e/c/e/éerg, May 17", 2010



Threshold production

integral is saturated at threshold

b 4

inclusive cross-section is hot
probing the asymptotic regime of
hard scattering

sensitivity on Higgs self-coupling and not only on strong scattering (b-a°)

Christophe Grojean Beyond Zhe Y//igS Y eide/berqg, May 17, 2010



Isolating Hard Scattering

isolate events with large mnn

luminosity factor drops out in ratios: extract the growth with mp,

do /dmpn|vcrMa
da/dmhh |SM

do /dmpp | Mcmma
do /dmpp|McHMS

1000 1500 2000 2500 ' 500 1500 2000
m,,, [GeV] m,,, [GeV]

Christophe Grojean Beyond Zhe Y//ﬂgS Y eide/berqg, May 17, 2010



Isolating Hard Scattering

isolate events with large mnn

luminosity factor drops out in ratios: extract the growth with mp,

measure measure
H3 b-a?

do /dmpn|vcrMa
da/dnwﬂASM

asymptotic regime

do /dmpp | Mcmma
do /dmpp|McHMS

1000 1500 2000 2500 ' 500 1500 2000
m,,, [GeV] m,,, [GeV]

Christophe Grod'ean Bt‘_’—yO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Dependence on Collider Energy
—=SGiNs ) X fati S/s
o= dle) x | G2 snla/s)

increase collider energy s = sensitive to PDFs at smaller x
bigger cross-sections

pﬁfL(m%h/Sv Qz)
((mhh/14 TeV)Q, QQ)

-
Q
)
O
Q
C
O
<

1000 1500 2000 2500
m,, [GeV]

Christophe Grod'ean BeyO/?O/ Zhe %ﬁgS %e/c/e/éerg, May 5 o0



Dependence on Collider Energy
—=SGiNs ) X fati S/s
o= dle) x | G2 snla/s)

increase collider energy s = sensitive to PDFs at smaller x
bigger cross-sections

((mhh/M TeV)2, QQ)

/s Q) sLHC vs. VLHC

10 x lum = 10 x events
2 xJs =10 x events

Hf mhnl.6TeV

500 1000 1500 2000 2500
m,, [GeV]

Christophe Grod'ean BeyO/?O/ Zhe Y//ﬁgS %e/c/e/éerg, May 5 o0



Dependence on Collider Energy
b ds 5(38) .
o= dle) x | G2 snla/s)
increase collider energy s = sensitive to PDFs at smaller x
bigger cross-sections

10 x lum = 10 x events

2 X s =10 x events
Hf mpnl.6TeV

=
O
Q)
o
A
2,
(-
O
>
LLI
Y
@
S
O
0O
S
-
Z

B0 sLHC might be better

Christophe Grojean Beyond Zhe >///395 Y eide/berqg, May 17, 2010



Goncl B0

EW interactions need Goldstone bosons to provide mass to W, Z
by il ) U Y 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 < ?

LHC is prepared to discover the "Higgs" ~ e
collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)

mn
----
pun®
asun®
------
unn®
ann?®
an
a®
as
g B

Should not forget that the LHC will be a (quark) Top machine
and there are many reasons to believe that the top is an important agent of the Fermi scale
Christophe Grojean Beyond Zhe Y//ﬁgS Y eide/berqg, May 17, 2010



