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We will not answer all what interest theorists
Disclaimer C.Quigg Rept.Prog.Phys.70:1019-1054,2007

(i) Ls it therer Is there only one?
(ii) What are its quantum numbers?

(iii) Does the Higgs boson generate mass both for the electroweak gauge bosons and for

the quarks and leptons? g
(iv) How does the Higgs boson interact with itself E
=
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Quand la théorie en prévoitun! Car
en 2003, cinq chercheurs dont Chris-
tophe Grojean, du Cern, ont carré-

ment proposé une théorie avec di-

mension supplémentaire permettant
purement et simplement de se passer
du boson de Higgs! “Car tout élégant
qu'il soit, le mécanisme de Higgs est une
invention qui pose autant de questions
qu’il en résout”, avoue Christophe

n 119 - #
Grojean. “La seule certitude, résume

no Higgs boson

Physics at LHC 2008

“Le concept de boson
de Higgs pose autant de
questions qu'il en résout”

CHRISTOPHE GROJEAN,
DI¥IZI3N E LA PHYSIQUE THEDRIQUE, CERN

Fibé. . que rign u'z'!r:.!].'e fpar ailleurs”™,
précise Fabienne Ledroit, spécialiste de
la traque des Higgs “exotiques” au La-
boratoire de plyvsique subatomigque et
de cosmologie, i Grenoble.

DES DIMENSIONS CACHEES 7

Parmi tous ces modeles, les plus exo-
bigues, mais aussi les plus excitants,
restent cependant ceux qui impli-
quent des dimensions supplémentar-
res. En Vocourrence, de minuseules
dimensions qui seraient passées in-
apergues parce que replides sur elles-
mémes, Comme un fil tendu entre
deux poteau: pour le funambule qui
TiEe r1r-|1f r||1':n-'.||1r|-rn|1 e ||r:'rr|r_";';1|;_
c'est un espace a une seule dimen-
sion ; mais pour la fourmi qui peut en
faire le tour, le long de son périmétre,
cet espace @ une petite dimension
supplémentaire enroulée sur elle-
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méme. De 12, idée proposée par Lisa
Randall, i Harvard, et Raman Sun-
drum, 3 I'université John-Hopkins, i
|H FI.]l []t‘.‘i il'lll'lt“:':ﬁ ] I'_jl'_}[] 2 jl.IL'ITS l:l'l,ll: EIL!]'IS
la plupart des approches théoriques,
on admet que la gravitation est trop
Flt" LEITire e ]K.llll JOLLET Ln FOLE (LAnNS LA
physique des accélérateurs, les deux
physiciens onl imaging qu'i 'échelle
du TeV, celle-ci se manifeste i travers
les dimensions supplémentaires. Si
["ieclée parait surprenante, elle prédit,
selon le détail des modéles envisa-
gés, de nouvelles parficules. des fuites
r:l'éw:rgic dans les dimensions sup-
plémentaires, voire la création au
LHC de minitrous noirs gui, sur le pa-
prer, préservent la validité de la théo-
rie électrofaible et stabilisent la masse
du boson de Hiq;_;_l;.

Lnand la théone en prévorbun ! Car
en 2003, cing chercheurs dont Chins-
taphe Grojean, du Cem, ont carré-
ment proposé une théorie avec di-
TTETSI0T silpp]{':umnmir:: pennettant
purement et simplement de se passer
du boson de Higgs ! Car tout élégant
qu'il spif, le mécanisme de Higes est une
invention qui pose autant de questions
qu'il en résout”, avoue Christophe
Grojean.  La seule certitude, résume

larcela Carena, ¢ est qu il va s passer _
quelgue chose awtour de | TeV1" Le E
monde de la ]'hlI:I.Si([I,I{" théorique ;ﬂ~§
tend done avec impatience que le LHC 2
fasse e tri entre ces propositions, et in- 2
dique la voie que la nature a chaisie pour £
Faire jaillir la matiére de l'érmrgic. 1E



1964 Enolert

1984 Lausanne

1992<«— LHC experiments LOI
1994<«— ATLAS and CMS TP

1999 «— ATLAS Physics TDR CERN/LHCC/99-14 CERN/LHCC/99-15

CMS Physics TDR CERN/LHCC 2006-001 CERN/LHCC 2006-021

2006 «~ J. Phys. G: Nucl. Part. Phys. 34 (2007) 995-1579
2008

new ATLAS notes to be released soon + additional CMS notes

Increasing complexity of the analysis
( that should be more realistic )

A lot of things
(even important
like trigger and
description of
data driven
background
estimation)

are missing in
this talk !



A.Djouadi Phys.Rept.457:1-216

Width smaller than ‘leptonic/y resolution’

Favored by LEP = m, =84 35,  GeV my <154 GeV , 185 GeV 95% CL

H_I
including direct LEP limit

P.Renton ICHEPO8 Martin Gruenewald



H — WW, vy, bb

Physics at LHC 2008

A.Djouadi Phys.Rept.457:1-216

-
-
-
-

.} Typical uncertainties on cross-section

gg
VBF

ttH

o(pp — H + X)) |pb]

10 %
5%

WH,ZH 5%

15%

Vs = 14 TeV
MRST/NLO
my = 178 GeV

NNnLO
NLO
NNLO
NLO

These production cross sections have to be used

with the decays bb , tt, WW , ZZ , vy

L.Fayard 29-9-2008




Radiation length (Xa)

new ATLAS Y.Fang general search H—yy

ttH CMS TDR F.Ferri
M.Pieri et al. CMS note 2006/112 Inclusive analysis
VBF analysis M.Dubinin et al. CMS note 2006/097
M.Lethuillier et al. CMS note 2006/110 WH ZH
. -
Important reducible background If vertex unknown
— need good Y/jet separation add 1.4 GeV to mass
Good mass reconstruction important resolution
— need vertex reconstruction (,jalo pointing in ATLAS
gives vertex resolution of 1.7

cm while g(beam) = 5.6 cm

A large amount of material in the Inner Detector in front of
the em calorimeter = importance of conversions
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preliminary
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S/B ~.03
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S/B ~ .08

VBF + more
jets with gg— H

H+2j

S/B ~ 4

VBF mainly

For different final states different S/B [ 29-9-2008
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Discovery Significance (No)

12IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

- IntL=30fb’]

10 2
8
6 I {] BT |

i - T |

4 | == Cut-Based Analysis (with syst. err.)

| Bk iCut-Based A.inalysi 5 (no syst. err.)

% Optimized Ahalysis (withisyst. ¢rr.)

Dptimized Analysi$ (no syst. ert.)
IIIIIIIIiIIIIIIIIiIIIIiIIIIIIIIIIIIIIII

110 115 120 125 130 135 140 145 150 155
M, (GeV)

CMS optimized : NN with
kinematics as input , using
categories ( N , cluster size
= conversion info)

Signal Significance

e I L e e ]

_ I T I T I T I T I -
E preliminary — @ Combined, fit based with M, fieed E
C - -— Combined, fit bassd with ‘dr- floated ]
C A T-LAS — & Inclusive, fit based with M_ fixed _
:— 4 - -k - Inclusive, fit based with M_ floated —:
C |_ = ‘] G fb- Inclusive, number counting 1
—_ combined, number countng ]
f_ _______________;— e _f
- e -
C_ memmammmmTE =z . _
= e —
R a7
E ! | ! | ! | ! |
120 125 130 135 140

Higgs boson mass [GeV]

ATLAS : combined fit using
variables ( py.# jets, cos0%)
and categories
(n , conversions )

small differences ~ understood

Physics at LHC 2008 L.Fayard 29-9-2008 9




new ATLAS eefl 411 de

CMS TDR D.Futyan,D.Fortin and D.Giordano CMS note 2006/136 CeUH
M.Aldaya et al. CMS note 2006/106 S.Abdullin et al. Acta Phys.Pol.B38(2007) 731-738
S.Baffioni et al. CMS note 2006/115 de

D.Trocino A.D’Orazio

Main backgrounds : ZZ (irreducible) , tt and Zbb (reducible)
Tools for background suppression : lepton isolation and impact parameter

|H— 41

4p

< AN AR LN UL LA L N L LN =
G 2OF MH-zz—a preliminary AtLas i
S ERE [rewow 3 | there are 4 leptons be careful about efficiency
% 16:— = C—
5 1af —
= = 3
Ho12E =
10E E
8;_ _: 8 7‘ T T T T T ]
6E E S | 4de preliminary ATLAS |
4 = 8 L =4 ]
SE _ E = v 2e2y _f L=30 b’
= — ! 3 jo) - e Total |
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2 D -
2 12 ~
£ L i
£ 10 HlHiggs i
S . Ezz
3 [t B
8 . Ozo CMS
o 1=
R Cl . . . . =
2 100 200 300 400 500 600
s 2- Higgs mass [GeV]
[ L
S C Ll
s % 50 150 200 250 L.Fayard 29-9-2008 10
= 4 lepton invariant mass (GeV)



VBF H> 17T | newATrLAs Tt —=ILlhkhA 1t —1lh

S.Xella M.Vasquez Acosta
CMS TDR C.Foudas,A.Nikitenko and M.

W.Z For'u{ur'd
H tagging

2 high p tag jets at
large rapidity

reconstruction of Higgs mass
with collinear approximation
and angle between the two 7

Physics at LHC 2008 L.Fayard 29-9-2008 11



Nevts (30fb™) / 5GeV/c’
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similar in CMS , slightly
tighter cuts (pile-up included
L=210%"cm?s")

Physics at LHC 2008 L.Fayard 29-9-2008 12



M.Vasquez Acosta
example of data driven analysis . estimate

Z =717 from Z - and replacement of U by T

—L—>71 ST Ll

/51T

|

JLdt= 130 pb”

8]
o

i P!:pm 10 GeV, E:m > 20 GeV, VBF cuts

I.|J|.JJI.I

fake Z->tt from real Z->pu

w
(=

N
L
T 11 | T 171 | 1T T 1 | T

N events at 1 fb’’
S

real Z->tt

0

e FUMMEAERET: s s +

________ _I_H‘}' - k-l---l 10
0 50 100 150 200 250 300 350 400 45[] 500

+ +
[Ge‘wr:: ] M(zt), GeV/c?
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H— WW [new ATLAS I.Ludwig WH (3]) ttH H—> WW = Ivlv

CMS TDR F.Stoeckli

V.Drollinger et al. CMS note 2006/055 F.Beaudette et al. CMS note 2006/114
G.Davatz,M.Dittmar and A.Giolo-Nicollerat CMS note 2006/047 J.Phys.G33:N85,2007

WH @) C.Delaere CMS note 2006/053 -
H.Pi et al. CMS note 2006/092 VBF WW — Ivjj
VBF WW— Ivlv E.Yazgan et al. CMS note 2007/011
correlation in ™ g w+ +
between 2 le tq())ns 7 P 8- ""_‘.:F-""/E

AL LI BB B BLILIL ILULILN P i e
140 = CMS full simulation, L=10fb" |- sSinalBackground

[ H—-WW- 2|, m,=165GeV I:lAHDackgrounds
120 :_ All selection cuts wa nO mass peak
“r . = need precise
8o HI{II | NLO cross sections ] knowil edge of
60| * } .

i“ | } background
40 7] .
s i ; = develop data driven

R methods
0 20 40 60 80 100 120 140 160 180
¢II
Physics at LHC 2008 L.Fayard 29-9-2008 14




G.Davatz,M.Dittmar and A.Giolo-Nicollerat CMS note 2006/047 J.Phys.G33:N85,2007

could be a discovery channel at modest L

oo E | | [ [ G TZ C I I [ [ ]
E CMS full simulation Statistical uncertainties E —_ - CMS full simulation Statistical uncertainties
20 = NLO cross sections A Statistical and systematic [ E ] 4 Statistical and systematic
18 :_ uncertainties included E = [ NLO cross sections uncertainties included i
n H— WW— Ivlv = 9 Hes WW— Iy
g 1BF 3 s 19F E
Q - = - - .
5 14E : § ]
£ 12F = N i
- - =]
o - - =
@) 10 - = E - i
™ 8F 3 o
5 <F . S 1k -
'.C%) 6 — - - E E
4 = - _':3-. - i
3 E 2 L i
2F (a) = £ } b -
ok | | | | . E | | l |
140 150 160 170 180 190 2 140 150 160 170 180 190
2
my, [GeV/c?] m,, [GeV/c’]

systematic effects important (especially at high L)

Physics at LHC 2008 L.Fayard 29-9-2008 15



ttH, H— bb new ATLAS I.Ludwig semileptonic top decay

CMS TDR S.Cucciarelli,A.Schmidt,C.Weiser,
C.Riccardi,P.Torre, D.Benedetti,A.Santocchia,C.Hill,
J.Incandela and S.Koay CMS note 2006/119

J.Phys.G:Nucl.Part.Phys. 34 (2007) N221-N250

semileptonic ,
dileptonic and
all hadronic

channels
Very difficult
large background , similar to signal
IIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|III|_
] al, tight [
i-lepton + semi-leptonic + alléhadron : 3 6 ATLAS
! ] S C preliminary -
_ ™ - 4
----------------- — 8 5 R -
] P ttbbEW
] 2 4L [] ttbbQCD
T . i R ] 8 r ignal
_ D C -- Signal
CMS 60 fb-! ] @ 3 .
"""""""" - 5 f
i 2r
N 1 f B e
N T e = e B L e
- R o U T 50 100 150 200 250 300 350 400
bkl linndindin, oo M(bb) [GeV]
0 0.050.10.150.20.250.30.350.40.450.5

dB/B

Physics at LHC 2008 L.Fayard 29-9-2008
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General Higgs significances

Luminosity for 56 discovery, fio'!

CMS TDR

-y
o

—

® g

CMS

-
IIIIII|

1
|

—— H—yv cuts -
—=— H—yv opt
—— H—=ZZ—4dl

—— H-WW-=22v
[ [ |

100

200

Physics at LHC 2008

300 400 500 600
M, GeV/c

Significance

CMS, 30 fb™ .
; /h_"lll Ilfnﬁl--u.,\\.“_ e
,"'f | . |'II
10| ﬁﬁ\f ): |
N
T L \ )
|'I I.' IIII"' 'Ll || \\.’t. —— H _}-\{-\f Cul‘s
St I I
Lo L | = Hoyyopt
[ : —+— H—ZZ -4l i
BN —— H-WW—212y
\ ¥ | —— qgH, H-WW-hvj| |
o— qqH, H-tt—l+jet
—— qgH, H-yy
1IOO 200 300 400 500600

L.Fayard 29-9-2008

M,,GeV/c”
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Is it a Standard Model Higgs ?

. electric charge [neutral]

. color charge [neutral]

. mass |free parameter]

- spin [0

. CP [even]

. gauge coupling (gwwg) [SU(2)p with tensor structure g”|
- Yukawa couplings [my/v]

. spontaneous symmetry breaking potential (self-couplings) [fixed by the mass
4

D.Rainwater hep-ph/0702124 Very (1) difficult
B.Murray pp — HH - WWWW

limited H mass range
sLHC luminosities needed

Physics at LHC 2008 L.Fayard 29-9-2008 18



Direct mass and width measurement

1

CMS, 30 fb"

AT, /T,

AMy / My, %

: -1
10

Tox .»'\“_\__::?‘”/ II\"~ 7 g

L

OH —> 77 —> 4

ATLAS 300 b

—— Hoyy
—o- HZZ -4l ] ~
102 | | | ,
100 200 300 400 500600 10 L
M, GeV/c 200

statistical precision on Higgs mass
measurement ( ~ not limited by
systematic uncertainties)

ATLAS and CMS TDR
B Murray

Physics at LHC 2008 L.Fayard 29-9-2008

600 300
my, (GeV)
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Spin and CP measurement

> angular distributions in H—-ZZ— 41*

> jet distributions in vector boson fusion

Not for early data ... needs to find Higgs first !
Remember that if H— Yy cannot be spin 1 (Yang’s theorem)

Physics at LHC 2008 L.Fayard 29-9-2008 20



angular distributions in H—-ZZ7Z— 4I*

3 Observables

J.R. Dell'Aquila and C.A. Nelson Phys.Rev.D33:101,1986
S.Choi,D.Miller,M.Mubhlleitner and P.Zerwas Phys.Lett.B553:61-71,2003
C.P.Buszello,I.Fleck,P.Marquard and J.J. van der Bij Eur Phys J C32,209,2004
CMS TDR - M.Bluj CMS NOTE 2006/094

R.Godbole,D.Miller and M.Muhlleitner JHEP 0712:031,2007

Physics at LHC 2008 L.Fayard 29-9-2008 21



Spin 0 CP couplings K = 1
J= ] | q | 7] oy —_— O
C{I{V)V =K 9"+ — - p'p" + — €k ko, C —
v v tan& =1
scalar pseudoscalar
o 5]__I T T TT T TT T TT T TT T TT TT If o™ 5:IIII LI L 1T 17T T 17T III:
?_.45: + =300 GeV, LE Oifxi 245: M. =300 GeV, L =(60/fb
c TUF ’ = c VL ’ —"
g af = 1c_contour g 4k = _1¢_contpur
g 3_5§ *!3x1a onto r§ § 3.52 * 3x1g confour ;
g 4 -
® 25 : 1 O 25
2f b '
1.5 - 1.5E
wz ek L
0.5¢ . oy 0.5F =t W
Dl_'F B ||-|| TR R I I ||-| I '|'_r D:| I I I |- 1 ; T ? |:| ] .I I
15 1 05 0 05 1 15 -1 -05 05 1
S S

The minimal value of the factor C? needed to exclude the scalar (left) and the pseudoscalar (right)
Higgs boson at “N sigmas” level (N=1, 3) as a function of the parameter £ (pseudoscalar =CP odd part)

~2 .
CMS TDR - M.Bluj CMS NOTE 2006/094 ("= (U X Br )/ (USM X Br SM )

Physics at LHC 2008
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Anomalous Higgs Couplings in VBF fusion

T.Plehn,D.Rainwater and D.Zeppenfeld Phys Rev Lett 88,051801,2002
T.Figy and D.Zeppenfeld Physics Letters B 591 (2004) 297-303
V.Hankele,G.Klamke,D.Zeppenfeld and T.Figy Phys.Rev.D74:095001,2006
C.Ruwiedel,M.Schumacher and N.Wermes Eur.Phys.J.C51:385-414,2007

8 0.075-H->WW-s I |
S - m, =160 GeV L'
> 0.061 y '
S - CPO
o 0.057 ' T g S
S F Ty statistics
D 0.04 iy ty i i
S : R t m in this
0.03 .1 B Wi P °
Ty *__f__:_f_pf—:—_*---'- o plot is
T (g1, q2) = a1(q1,42)¢"" SM 0028 L, —— infinite
, ) C + i - +
+ar(qr.q)|q1- 928" — g5 q7] 001 L P + |
Covaa | | | | | I
3

CPO +a3(q1.42)e""" q1pq20- % 05 1 15 2 25

With 10 fb! can exclude CPE and CPO anomalous couplings at 5 sigmas in WW— llvv for
my =160 GeV and with 30 fb-! at 2 sigmas in Tt for mH=120 GeV

Additional results for SM + CPE

Physics at LHC 2008 L.Fayard 29-9-2008 23



Alg * BR)

Hi Ii M.Duhrssen ATL-PHYS-2003-030 based on ‘old’ expectations
lggs coup lngs M.Duhrssen,S.Heinemeyer,H.Logan,D.Rainwater,G.Weiglein

and D.Zeppenfeld Phys Rev D70,113009,2004

- e (7 WEF} * BRIH — 1 1)
x 2 e BRI b lp — g{VBF) * BR(H— WW)
5 oo o~ | B 4 ATLAS o - BRI v
o 1.8 - ain) T BRA =Y |* C
1-3: ATLAS smmmme (VEF} * BRIH — ¥Y) E:.I =] _ o P
= 12— 4 |=====0iggH) " BR(H-22)
o srasns GIWH) " BR(H = 77) O Ldt=300fb |[|-w=o {ttH) * BR{H— WW)
= _1 sinnnn g{ZH) * BR{H — v7) L mmem {WH) * BRIH— WW)
= j L dt=300 fb =
12— C
- 0.8—
11— L
0.8— ... 061
D.B_— “""“—-‘.,__ et :
T T T 0.4_—
0.4— -
- P - —
0.2— = 0-2¢ :
D_IIIIIll|lllllllllllll|||||||""|""|""|'" U_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
110 115 120 125 130 135 140 145 150 110 120 130 140 150 160 170 180 190
my, [GeV] m,, [GeV]

Measure 6.BR in different channels with
almost no assumptions (uncertainties = selection
efficiencies , background)

Physics at LHC 2008 L.Fayard 29-9-2008 24



32 —g'H2)/gHW) FE | —g(H2)/ gHW)
“u,r* = 1 -
I T R R FHY/gHW)| T | e g?(H,7) / g°(H,W)
=l ¢ Xl L
al® SIS
without syst. uncertainty : without syst. uncertainty
ATLAS ] E‘_ ATLAS

j L dt=30 fb "’

j L dt=300 fb "
/\ 0.4 \
\/ \ 0.2

I I \_/\

DIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III uIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m,, [GeV] m, [GeV]

M.Duhrssen ATL-PHYS-2003-030

assuming mainly no new particles in loop ... one can express rates
and BR as a function of 5 couplings  Zvw, 75 S5 Sps S

One can also do other analysis with stricter assumptions
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MSSM | 5 Higgs bosons couplings to down

( 3 neutrals and 2 charged ) part of doublets

(b,T,u )enhanced
at high tan(p)

D.Rainwater hep-ph/0702124
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at LO MSSM Higgs sector depends of 2 parameters M, tan(f)
at NLO more SUSY parameters
= choose a benchmark scenario m,""*

corresponds to maximal theoretically allowed region for m,



Search for neutral MSSM Higgs

Associated production with b
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CMS TDR
J.Fernandez CMS NOTE 2006-080

Very Difficult
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CMS TDR
new ATLAS

- muon isolation
h - b tagging

Q - reject large missing E

- jet vetos

backgrounds =—p

Physics at LHC 2008
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MSSM Higgs —uLu

events / 1 GeV/c?

excellent dimuon mass
resolution of ATLAS and
CMS is a key point in this
analysis
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MSSM Higgs —uLu

CMS Physics TDR new ATLAS
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CMS TDR S.Lehti CMS NOTE 2006/101 eu
new ATLAS

Cross Section (fb / 15 GeV)
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Search for charged MSSM Higgs | | High mass charged Higgs

Low mass charged Higgs
m(H") < m(top)
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‘ General discovery sensitivity on H+
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I will not discuss

MSSM charged Higgs decays gb —t H+(— ¢ ¢,* ) — 3 1*
M.Bisset,F.Moortgat and S.Moretti Eur.Phys.J.C30:419-434,2003
C.Hansen,N.Gollub,K.Assamagan and T.Ekelof Eur.Phys.J. C44,s2.1-s2.9 (2005)

MSSM Higgs decays H, A — 3,0 5, %" 7 — 415+ MET

M.Bisset,J.Li,N.Kersting,F.Moortgat and S.Moretti arXiv:0709.1029
CMS Physics TDR
C.Charlot,R.Salerno and Y.Sirois CMS-NOTE-2006-125
ATLAS presented at Charged-Higgs-08
Search for A — Z (—I1'T)) h(— bb)
CMS Physics TDR
G.Anagnostou and G.Daskalakis CMS-NOTE-2006-063

NMSSM Higgs
I.Rottlaender and M.Schumacher ATL-PHYS-CONF-2008-009
Updated MSSM scan for different benchmark scenarios
M.Schumacher hep-ph/0410112

CMS Physics TDR
CPX scenario

M.Schumacher et al hep-ph/0608079

Non SUSY models and little Higgs
G. Azuelos et al. Eur.Phys.J.direct C4:16,2002

CMS Physics TDR

D.Dominici,G.Dewhirst,A.Nikitenko,S.Gennai and L.Fano CMS-NOTE-2005-007

G.Azuelos et al Eur.Phys.J.C39S2:13-24,2005
Invisible Higgs

etc
new ATLAS O O O 0 O o
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Conclusions HI G GS

Many SM Higgs channels have been studied in detail
already good sensitivity to SM Higgs with few fb!

MSSM Higgs sector covered
Detailed Higgs studies will require a lot of statistics

Be open to more exotic scenarios

Physics at LHC 2008 L.Fayard 29-9-2008

39



Physics at LHC 2008

Backup

L.Fayard 29-9-2008

40



Disclaimer

(1)

We will not answer all what interest theorists

Here are some of the questions that will shape the explorations to come:

What is the agent that hides the electroweak symmetry?
Is there a Higgs boson? Might there be several?

Does the Higgs boson give mass to fermions, or only to the weak bosons? What
sets the masses and mixings of the quarks and leptons?

How does the Higgs boson interact with itself?7 What shapes the Higgs potential?
T'anld we be living in a false (metastable) vacuum?

Is the Hig»s boson elementary or composite?

Does the pattern of Higgs-boson decays imply new physics? Will nexpected or rare
decavs L1 the Higgs boson reveal new kinds of matter?

What stabilizes the Higgs-boson mass on the Fermi scale? Is Nature
supersymmetric? Is electroweak symmetry breaking an emergent phenomenon

connected with strong dynamics? Is electroweak symmetry breaking related to
gravity through extra spacetime dimensions?

How can a light Higgs boson coexist with the absence of signals for new phenomena?
What resolves the vacuum energy problem?

What lessons does electroweak symmetry breaking hold for unified theories of the
strong, weak, and electromagnetic interactions? for the inflationary Universe? for
dark energy?

It is an inspiring list. Within a decade, we can expect to have many answers—and even

better questions!

Physics at LHC 2008 L.Fayard 29-9-2008
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introduction to collider physics at Lausanne and is thus singled out as Chapter XII. These
theoretical contributions altogether review in great detail the topical questions and expec-
tations concerning collider physics in the multi-TeV range, which were summarized by

Ch. Llewellyn Smith in his report at CERN (Chapter I). Two of the reports presented at
Lausamne were already included in Volume I. These are in Chapter IX, which reviews Composite
Models. (Logically, Chapter IX should be combined with Chapter XIII.)

We then move to physics issues which are potentially very interesting but which take us
away from hadron-hadron interactions in the collider mode. The potential of ep collisions,
as in principle accessible with LEP and a hadron collider in the same tumnel, is reviewed
by G. Altarelli, B. Mele, and R. Riickl. The rather intense, very high energy neutrino beams,
which one could obtain (for free) from the abundant production of charmed particles, open up
very interesting possibilities, as discussed by A. De Rﬁjula and R. Riickl.

With the material thus put together, one finds a thorough discussion of collider physics
in the multi-TeV range, as it is foreseen today.

We conclude these proceedings with the brilliant address of . 't Hooft, 'Prospects of
theoretical particle physics', which concluded the CERN meeting.

The Organizing Committee would like to express its thanks to those people in various
sections of the CERN Documentation Department, whose conscientiocus work brought these

Proceedings to their present form.

M. Jacob, CEEN
Editor
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FOREWORD

The first part of the Workshop an the Peasibility of Hadron Colliders in the LEP Tumnel
took place at the Dorigny Campus of the University of Lausanne. It lasted four days and
brought together close to 150 participents. The second part was a cne-and-a-half day meeting
held at CERN, immediately folleswing upon the Lausarme meeting, and during which the conclu-
alons were presented to end debated by a very large audience of physicists and engineers.

The installation of a hadron collider in the LEF turmel, wsing superconducting mapmets,
has always been foregeen as the natural lang-range extension of the CERN facilities beyond
LEP, The vecent successes of the CERN pp Collider nmow give us confidence that such & large
hadron eollider would be an ideal machine for exploring physics in the few TeV range at the
constituent (gquarks and gluons) level -- an energy domain which the very success of the
Standard Model, based on the SU{Z) » U{1] = SU(3) gauge symmetry of the electrowesk smd
strong interactions, leads us to consider as being crwcial for a deeper understanding.

Whilst the installation of a large hadron collider in the LEP tunnel may at present be
considered as a rather remote possibility, the design of the high-performance magnets which
we would like to use for such a machingé $till demands a great smount of research and deve-
logment; this indeed appears as a prerequisite for the definitien of the parsmeters of such
g project. A Workshop bringing together theorists, experimentalists, accelerator physicists,
and also experts in superconducting magnets was thus deemed timely.

Although the Workshop proper was rather short, it was actively prepared by different
Working Groups dealing with variows facets of the whole scheme. A large amount of werk was
thus invested in the Workshop, and its cutcome can be scen in these Proceedings, which are
presented in twe volimes.

This two-volume structure wis adopted in order to make at least part of the material
availeble at the earliest possible date -- rather than, as initimlly plmnbd, to put inte
the first volume the texts of the talks presented durdng the open meeting at CERN, which in
fact concluded the Workshop. The table of contents now covers both Volime T and Volime 11,
At the beginning of Volume II we find the part of the proceedings of the CERN meeting which
were not available for inclusion in Volume T and, in particular, the reports of the Working
Groups on Electron-Fhoton Identification end on Date Acquisition. Howewver, in order to strike
the right key note, we actually start Volume IT with the concluding remarks presented by
C. PFubbia at the end of the CERN meeting.

Moxt to the two reports from experimental working groups, which lepically should hawve
followed Chapter IV and Chapter VI, respectively, we find a series of theoretical comtribu-
tions which wers presented at lawsamme, This starts with the report of J. Ellis, G. Gelmini
and H. Kowalski, "Mew particles and their experimental signatures', which served as a general

L.Fayard 29-9-2008
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(*) large mtop approximation

S.Moch and A.Vogt Phys Lett B631,48,2005

T.Han,G.Valencia and S.Willenbrock Phys Rev Lett 69,3274,1992

Typical uncertainties on cross-section
gg 10 % NNnLO *)

WH,ZH 5% NNLO
ttH 15% NLO

O.Brein,A.Djouadi and R.Harlander Phys.Lett.B579:149-156,2004

W.Beenaker,S.Dittmaier,M.Kramer,B.Plumper,
M.Spira and P.Zerwas Phys Rev Lett 87,201805,2001
S.Dawson,C.Jackson,L.Orr,L.Reina and D.Wackeroth Phys.Rev.D68:034022,200
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CMS TDR
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Figure 2.2. Diphoton invariant mass spectrum after the selection for the cut-based analvsis. Events
are normalised to an integrated luminosity of 1 fb~! and the Higgs signal, shown for different
masses, 15 scaled by a factor 10.
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I.Koletsou CERN-THESIS-2008-047, LAL-08-38

Pythia Higgs

Diphox bdf

"
I

Beaucoup plus de
queues a grand E-

CMS

Etmin, Maes

F1G. 4.4 — Distribution de Pr des photons (divisé par m.. ) calculée par ATLAS et CMS.
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I.Koletsou CERN-THESIS-2008-047, LAL-08-38
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VBF H—- 17

—EF H(120) =1 T — pu . —YBF Hi120 =157 — pp
e F L) Hets ) Z(—pup) +jets
""" = T — L) +jets = =) +Hets

preliminary

preliminary

(a) (b)

Figure 2: Pseudorapidity of the highest pr (a) and the second highest pr (b) jets for the Cone jet al-
gorithm based on TopoClusters with R = 0.4 in VBF H — 77 — uu (myg=120 GeV) and background
events. Only pr cuts were applied to jets. Solid (black) histogram 1s for signal, dashed (red) histogram
is for t#t — WW — (uu), and dotted (blue) histogram is for Z— u u+n jets.
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H—> WWollvy

G.Davatz,M.Dittmar and A.Giolo-Nicollerat CMS note 2006/047 J.Phys.G33:N85,2007
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Mass and width measurement
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of the Higgs boson mass measurement for the 30 fb—!
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Figure 19-46 Relative precision Al'/T'y on the meas-
ured Higgs-boson width as a function of m,, assuming
an integrated luminosity of 300 fb-1.
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Figure 2.26: The SM Higgs boson total decay width as a function of My.

A.Djouadi Phys.Rept.457:1-216
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Spin and CP measurement

> angular distributions in H—-ZZ— 41*
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Polarisation of the Z Bosons from Higgs decay (100 fl:i1]
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C.P.Buszello,I.Fleck,P.Marquard and J.J. van der Bij Eur Phys J C32,209,2004
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Spin and CP measurement

> jet distributions in vector boson fusion

Physics at LHC 2008 L.Fayard 29-9-2008

67



T.Figy and D.Zeppenfeld Physics Letters B 591 (2004) 297-303
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Figure 4: Normalized distribution of the azimuthal al_lgle Ag;; defined in Eq. (4.2) for a
Higgs mass of 120 GeV and a mixed CP scenario (d = d = 0.18, red solid curve), a CP-even
anomalous coupling (d = 0.18, d=0, green dashed curve), a CP-odd coupling (d = 0, d=
0.18, blue dotted curve) and the SM case (purple narrow dotted line).

V.Hankele,G.Klamke,D.Zeppenfeld and T.Figy Phys.Rev.D74:095001,2006
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C.Ruwiedel,M.Schumacher and N.Wermes Eur.Phys.J.C51:385-414,2007

Table 10. The first two columns show the probabilities for a standard model pseudo-
data sample in tests of the hypotheses of purely CP even (CPE) and CP odd
(CPO) anomalous couplings to have a XQ probability below 5% or 5.7 x 10~ "=50.
The third and fourth columns show the median Xg probabilities and the cor-
responding deviations from the mean of a Gaussian distribution in standard
deviations

integrated luminosity, probability for median
hypothesis tested > 5o < 5% xz—pmb. dev.in o

HWTW~ = llvy

10fb—1 CPE 59% 100% 1.3x 107 5.30
CPO 35% 98% 6.0x 10~ A.50

30fh—1! CPE 100% 100% - -
CPO 100% 100% -

H — 77+~ combined

30 fh— 1 CPE 2% 68% 1.2% 102 2.50
CPO 0% 52% 4.3% 1072 2.00
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Anomalous Higgs Couplings in VBF fusion
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T.Plehn,D.Rainwater and D.Zeppenfeld Phys Rev Lett 88,051801,2002
T.Figy and D.Zeppenfeld Physics Letters B 591 (2004) 297-303
V.Hankele,G.Klamke,D.Zeppenfeld and T.Figy Phys.Rev.D74:095001,2006
C.Ruwiedel,M.Schumacher and N.Wermes Eur.Phys.J.C51:385-414,2007

0.003

CP-even, CP-odd
CP-even

. .
* e
i | 1 1 1 1 1 1 1 1 L 1 1 1 1 1 L |

-160 -120 -80 -40 O 40 80 120 160

L.Fayard 29-9-2008 70



~
= =
—d w 0,075 H— WW— Ihv i o 0.06[ + Host'vs || + 4w
Sk 5 E m,,= 160 GeV s CPO  my, =120 GeV
< Z D.o&f @ 0050 4 FRNE
5 5. co Moy E ot T
b s "0% ++++Jr+++ oy £ 0.04f ++i+ "
o0 T o04f Jr-l-+ t t oy g BT e SM ot
e = E + 8 0.03f ¥ , + 4
.o = 003f 4 o osm e c + R
— F e e T 0.02E + + -y
W 002 LT + ek + o+ e
@ 2 et + ++ Eo T ++ 1—-h'.:I:‘.
H. 0.01 ;_ +++ +ty CPE +++ 0.01 :_ _._+ +++QPE+++ +:H-++
) ufH.'. | L 1 ] nz_._... ! R L0
E; o 65 1 15 2 25 3 o 05 1 15 2 25 3
R Adj Ady
= w o Hos:Tr lh + 3v
< 0,06
é § :¥-|-+++ ++cpo m,, =120 GeV
E 0.05¢ +
S N
£ 5 0.04[ i T
= s f+++++++i3|:_¢;|:_t+ H#
o S o03f ey + 1 il
g - o +¢|_ + n +-|-'|' +
. 002 ++ N ++++++jjI'
021 + g
5 F ++ +++ *I#H#
o.01F + +,
= - i + +C'_f+5+++ v, |
[~ ot 1 | NI | | 1
. b o5 1 15 2 25 3
= 2
— Fig. 9. Distributions of the variable Ady; with high statistics for signal events after all cuts have heen applied. Distributions are
< T
E shown for each of the three different couplings and each of the channels studied
=
S
) With 10 fb-! can exclude CPE and CPO at 5 sigmas in WW— llvv for
= my=160 GeV and with 30 fb-! at 2 sigmas in Tt for mH=120 GeV
>
3
= Additional results for SM + CPE
=
I Physics at LHC 2008 L.Fayard 29-9-2008



7 I H— WW=s llw . 2 H W W
b\ Tuegsocev - A2 ( q1, 42 ) _ A- Ise
5 e

me/ 2
v /| elae)=-— g’

=AInL

a1(q1,q2)

2F <2 -r I A (T

3 3 HWW HZZ 2
s S e p—

E| 1 T ||||‘t|;:;q'-'i._|;‘#"|.".|||||||||||| 956/0 956/0 COS Hw
0 .8 =06 =04 =02 <0 0.2 04 0.6 -ﬂ 5 04 03 0.2 01 0 01 0.2 03

HFF HFF

HZZ . . .

Fig. 17. The logarithm of the likelihood as a function of the anomalors conmline canctant wa pseudo-data sample per

channel and integrated luminosity studied. The curves that were calcul ns taken into account are
shown in black. For comparison, curves that were calculated without AS 480 GeV i are shown in grey. The
continuous lines were calculated using the non-extended likelihood. & ue woeew wies were carcmacea using the extended likeli-
hood. The areas marked in light yellow ( light grey) are excluded according to the approximate limits at 95% confidence level given

in Table 3. 1-, 2-, and 3¢ intervals are shown for the case of a non-extended likelihood with background contributions taken into
account

M W &

3 2 E
1 \ o 2 LEP limit
Ay
04 -0.5 0 0.5 1
HZLZ
gﬁe

Physics at LHC 2008 L.Fayard 29-9-2008 72



B dG.-"dé.lIlij (h—tt) [ib] - o, dG:’dﬂiﬂJﬁ (H=WW)
0.006 __Mﬂ=12ﬂ GeV I : IIIH:l'S':' GeW
I ,’/CP odd . ) 0.01 — C'Ij::_'.d-d-
0004 - N S
I SM AN I - SY L E———
L R N 0005 — lx;,i———“"_
0.002 — . " T~ B SN
_ ’ ~. CPeven .’ - i P
K . L _ ' ) : CP even
- : Z—TT i
D ] ] ] ] | ] ] | ] | | ] ] | | ] | D ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ]
5 5
0 50 100 150 Jﬁq]jj 0 50 100 150 "ﬁ'(pu'

FIG. 36: Azimuthal angular distributions of the tagging jets in WBF production of a SM Higgs
v. scalar field coupled to weak bosons via CP-even/odd D6 operators. The dotted line in the left
panel is the SM background, which is added to the signal curves. Figures from Ref. [85].

T.Plehn,D.Rainwater and D.Zeppenfeld Phys Rev Lett 88,051801,2002
D.Rainwater hep-ph/0702124
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FIG. 38: Left: Feynman diagram for ete™ — ZH and schematic [88] showing the analyzing angles.
Right: curves showing the threshold rate dependence for J =0, 1,2 states in this channel [71].

J.A.Aguilar-Saavedra et al. arXiv:hep-ph/0106315
D.Miller,S.Choi,B.Eberle,M.Muhlleitner and P.Zerwas Phys.Lett.B505:149-154,2001
D.Rainwater hep-ph/0702124
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Measurement of couplings

with different channels
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M.Duhrssen ATL-PHYS-2003-030

Production Decay Mass range
wadey GF: H — ZZ" — 4] 110 GeV - 200 GeV
ﬂ_rﬁ;j,:i:‘ﬂ_ = Gluon Fusion | H — WWW" — [vly 110 GeV - 200 GeV

’ (99— H) | H— 110 GeV - 150 GeV
s . — WBE: H— ZZ% — 4] 110 GeV - 200 GeV
wz. ,  Weak Boson | H — WW® — luly 110 GeV - 190 GeV
“’i,_f?_ ~ Fusion H— 71— lvvive 110 GeV - 150 GeV
Tt (qq H) H — 77 — lvv hadr 110 GeV - 150 GeV
H — ~~ 110 GeV - 150 GeV

oo, ot ttH H — WWW® — vl (lv)] 120 GeV - 200 GeV
>—H—— H — bb 110 GeV - 140 GeV
SAEF B — 77 (not included) | 110 GeV - 150 GeV
H — ~~ 110 GeV - 120 GeV

W2 WH H —WWW" = lylv ()| 150 GeV - 190 GeV
e H— vy 110 GeV - 120 GeV
. ZH H — 110 GeV - 120 GeV

Table 1: List of all ATLAS studies used for the Maximum Likelihood fit. The
mass range is the range of Higgs boson mass considered in the studies (not the
discovery region).
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M.Duhrssen ATL-PHYS-2003-030
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Figure 1: Relative error for the measurement of rates ¢ - BR for those channels

that can be seen only for Higgs boson masses below 150 GeV,
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M.Duhrssen ATL-PHYS-2003-030
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Figure 2: Relative error for the measurement of rates ¢ - BR for those channels
that can be seen in the complete considered mass range 110 GeV - 190 GeV,
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Parameter Count in the

MSSM Extensions

Standard Model and

model real phases TOTAL
SM 17 2 19
MSSM 79 45 124
(MSSM) 157 122 279
(MSSM)ppy | 175 140 315
H.Haber Nucl.Phys.Proc.Suppl.101:217-236,2001
Physics at LHC 2008 L.Fayard 29-9-2008 82



A.Djouadi Phys.Rept.459:1-241,2008
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Figure 2.21: The total decay widths in GeV of the four MSSM Higgs particles h, H, A and
H#* as a function of their masses for the two values tan 3 = 3 (left) and tan 3 = 30 (right).
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A.Djouadi Phys.Rept.459:1-241,2008
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Figure 1.7: The masses of the MSSM Higgs bosons as a function of My for two values
tan 7 = 3 and 30, in the no mizing (left) and mazimal mizing (right) scenarios with Mg =
TeV and all the other SUSY parameters set to 1 TeV. The full set of radiative corrections
is included with my = 178 GeV, myp = 4.88 GeV and ag(Mz) = 0.1172,
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A.Djouadi Phys.Rept.459:1-241,2008
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J.Schaarschmidt , thesis , Dresden 2007
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Figure 4.1: Feynhiggs predictions for Higgs masses (left) and total decay widths (right) as
function of m 4.
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In NLO the following five parameters (in addition to m 4 and tan &) describe the Higgs
sector of the MSSM:

Mgpsy Energy scale of SUSY breaking (mass scale of sfermions at EW scale)
Mo Gaugino mass at EW scale
(L Strength of the supersymmetric Higgs mixing
m; Gluino mass
Xi Stop mixing parameter
Parameters [GeV] | mp*™* | nomixing | gluophobic | small av
Msysy 1000 | 2000 350 300
M, 200 200 300 500
[ 200 200 300 2000
M 800 8000 500 500
X 2000 0 -750 -1100
max. mp, 133 116 119 123

Table 2.5: Parameters of the benchmark scenarios.

M.Carena,S.Heinemeyer,C.Wagner and G.Weiglein Eur.Phys.J.C26:601-607,2003
J.Schaarschmidt , thesis , Dresden 2007
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Figure 2.20: The decay branching ratios of the charged MSSM Higgs particles as a function
of their mass for the two values tan 3 = 3 (left) and tan 3 = 30 (right).
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Figure 13: Invariant dimuon mass distributions of the main backgrounds and the 4 boson signal
at masses m4=150, 200 and 300 GeV and tan S = 30. obtained for the integrated luminosity of
30 fb~! . B-tagging has been applied for the event selection. The production rates of H and A4
bosons have been added together. a) for the 0 b-jet final state and b) for the final state with at least
1 b-jet.
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Figure 11.9. Discovery contour plot for the MSSM neutral Higgs in dimuon analysis. The signal
significance inside the grey area is > 5 with an integrated luminosity of 30 fb—!.
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Figure 5.6. The 50 discovery region in the My —tan 8 plane with 30fb™" of the integrated
luminosity for the m{™* MSSM scenario. The regions are shown without (lower curve) and with
{upper curve) the uncertainty on the background taken into account.
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Low mass charged Higgs m(H") < m(top)
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main background : tt

This assumes H"™—71v but there can be some studies of H* — c¢s
at low tan(B) K.Assamagan Acta Phys Pol B31,863,2000
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Figure 3: Discovery reach for the charged Higgs boson of CMS with 30 fb™! in the M,
tan 3 plane for the mj*** scenario for p = £200, £1000 GeV in comparison with the results
from the CMS PTDR (thickened dotted (red and blue) lines), obtained for p = 4200 GeV
and neglecting the A effects.
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MSSM charged Higgs decays gb —t H+(— %0 ¢j+ ) — 31
M.Bisset,F.Moortgat and S.Moretti Eur.Phys.J.C30:419-434,2003
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Other MSSM , NMSSM
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g Search for A — Z (—Il+1-) h(— bb)
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Figure 23: The 5o contours for 30 and 60 fb~! integrated luminosity with/without systematic uncertainties. The

effect of underestimation or oversstimation of the background systematic uncertainty can be seen in the curve of
30671
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NMSSM

5 neutral Higgs bosons
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Fig. 1: 5o discovery contours of the Hy in the A-x plane for the

Reduced Couplings Scenario
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An evaluation of the ATLAS discovery potential for NMSSM Higgs bosons within two benchmark sce-
narios was performed. At least one Higgs boson was found to be observable in regions without a light
Ay or where the branching ratio of H, ,,— A1A; 1s smaller than about 60%. In the other cases. searches
for the decay chains H 1},.-2—rA1A1—wrjrbE_) or Hy ,— A1 A1—4r could be considered. e
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Fig. 5: 5o discovery contours of the H; in the A-x plane for the

Light Ay Scenario, restricted to low A and « values.

Fig. 6: 5o discovery contours of Hg in the A-x plane for the

Light Ay Scenario, restricted to low A and  values.
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Fig. 3.12: Owerall ATLAS discovery potential for Higes bosons after collecting 300 fh~!. The lizhtest neutral
Higgs boson Hy isexpected to be seen in the solid mediom grav (cvan) area. One or both of the he avier neutral
Higgs bosons Hy and Hy are expected to be observed in in the right top to left bottom hatched (blue ) area.
The charged Higgs bosons HZ are expected to be observed in in the right bottom to left top hatched (red) area.
The cross hatched (magenta) area is excluded by the LEP experiments [206]. The light grey ivellow ) area is
theoretically inaccesible,
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Radion decays , Little Higgs
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CMS Physics TDR

D.Dominici,G.Dewhirst,A.Nikitenko,S.Gennai and L.Fano CMS-NOTE-2005-007
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Figure 12.2. Left plot: the "viyybj distribution for the background (dashed histogram) and for
the signal of ¢ — hh — yy°bb plus background (solid histogram) after all selections for 30 -1

Right plot: the M; 4 distribution for the background (full grey (yellow) histogram) and for the
signal of ¢» — hh — r7hbb plus background (black points with the error bars) after all selections
for 30 fb~!. The fitted curves for the background and signal plus background are superimposed.
On both plots the signal 1s shown for the maximal cross section times branching ratios point n

(5-Ng).
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Radion decays in Higgs pair
G. Azuelos,D. Cavalli, H. Przysiezniak and L. Vacavant Eur.Phys.J.direct C4:16,2002

CMS Physics TDR
D.Dominici,G.Dewhirst,A.Nikitenko,S.Gennai and L.Fano CMS-NOTE-2005-007
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Figure 12.3. Left plot: the 5o discovery contours for the ¢¢ — hh — }fybl_:: channel for 30 b~
The solid (dashed) contour shows the discovery region without (with) the effects of the systematic
uncertainties (find more explanations in the text). Right plot: the 3o discovery contours for
the ¢» — hh — t7bb channel for 30 fb=!. The two contours corresponds to the vanation of the
background WLO cross sections due to the scale uncertainty. The 3% experimental systematics on
the background 1s taken into account (see text).
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G.Azuelos et al Eur.Phys.J.C3952:13-24,2005 Little Higgs
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Figure 1: Figure showing the production rate of the I" quark at the LHC as a function of its mass
[15]. The heavy dashed line shows the pair production and the solid and two dotted lines the single
production rate for three value of As /Aq; from highest to lowest Ag /Ay = 2,1,0,5. (We are grateful
to T. Han for providing this figure. )
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G.Azuelos et al Eur.Phys.J.C3952:13-24,2005 Little Higgs
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Figure 2: Reconstructed mass of the Z and ¢ (inferred from the measured lepton, Er, and tagged
b—jet). The signal T' — Zt is shown for a mass of 1000 GeV. The background, shown as the filled
histogram, is dominated by WZ and thZ (the latter is larger) production. The signal event rates
correspond to Ay /Ay =1 and a BR(T — ht) of 25%. More details can be found in Ref [17].
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G.Azuelos et al Eur.Phys.J.C3952:13-24,2005 Little Higgs
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Figure 3: Reconstructed mass of the W (inferred from the measured lepton and F7) and tagged
b—jet. The signal arises from the decay T" — Wh and is shown a for mass of 1000 GeV. The
background, shown separately as the filled histogram. is dominated by # and single top production
(the former is larger). The signal event rates correspond to Ay /A2 = 1 and a BR(T — Wh) of 50%.
More details can be found in Ref [17].
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G.Azuelos et al Eur.Phys.J.C3952:13-24,2005 Little Higgs
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Figure 14: Invariant mass of the Zh system reconstructed from the £*/~bb final state showing the
signal from a Zy of mass 1000 GeV with cot # = 0.5 above the Standard Model background. The
vertical lines define the signal region.
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Invisible Higgs
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Figure 6: Sensitivity for an invisible Higgs boson at 95% C.L. via the VBF channel using shape
analysis for an integrated luminosity of 30 fb~! with and without systematic uncertainties. The
black triangles (circles) are the results from this analysis with (without) systematic uncertainties.
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Invisible Higgs
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Figure 13: Sensitivity to an invisible Higgs boson with ATLAS for both the VBF and ZH channels
with 30 fb~lof data assuming only Standard Model backgrounds. The open crosses show the
sensitivity for the ZH analysis and the solid triangles show the sensitivity for the VBF shape
analysis for 95 % CL. Both these results include systematic uncertainties.
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