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Beware:

More relevant details will be given in the talks by:
R.Mazini: VBF H->TT

S.Gentile: MSSM neutral H searches

J.F.Marchand: H->yy in ATLAS

V.Maleev: Electron and v identification in ATLAS

E.Moyse : p identification in ATLAS

G.Gorfine: b tagging in ATLAS
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Limits on SM Higgs (1)
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» Indirect from EW precision data: 2-

M < 154 GeV @950/0 CL .-

(JUIY 2008) ﬂo | Excluded 3 'ﬁ.;'.'f‘: Preliminary |
30 100 300

> m, < 185 GeV @95% CL
including direct LEP limit
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Limits on SM Higgs (2)

»From the Tevatron

NEW
ICHEP'08

5fb-! delivered luminosity/exp

but combined results with 3fb-!

Tevatron Run II Preliminary, L=3 fb" 170 GeV
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M, at 165 (GeV) observed 95% CL limit/SM =1.2 (expected 1.2)
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Searches of the Higgs @LHC
ATLAS and CMS

/

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnefs  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

112 M)c{on chambers
constructed by 3 Greek groups
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11/3/2008

All new ATLAS figures from ATLAS "CSC notes”:
ATLAS Collaboration, Expected Performance of the ATLAS
Experiment, Detector, Trigger and Physics, CERN-OPEN-2008-020,

Geneva, 2008, to appear.
Older plots from: ATLAS Physics TDR, CERN-LHCC/99-15 (1999).

Most CMS figures from:
"CMS Physics Technical Design Report Volume IT: Physics
Performance,” CERN/LHCC 2006-021 CMS TDR 8.2

New plots from:
CMS PAS HIG-08-001 and CMS NOTE 2007/011
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LHC machine scenario:
??
May 2009
*Energy ??
‘Luminosity ??

Initial run
Assume: 10 pb! /month @1039cm-2sec!
Assume: 6*10° sec/year (duty factor 20%)
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SM Higgs at the LHC
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SM Higgs at the LHC (see ex. M.Grazzini, Split 2008)
Theoretical progress

A lot of work went on during the recent years to improve
on x-sections (calculate NLO and NNLO diagrams) for
both signal and backgrounds (NLO).

Uncertainties on x-sections:

ele) 10%(NNLO) k~2.0  <—= DOMINANTI
« VBF (WW/ZZ fusion) ~ 5%(NLO) k~1.1

- WH, ZH ~<5% (NNLO) k~1.4

- ttH associated 10-20 % (NLO) k~1.2

Uncertainties on the decay branching ratios :
Known to few % (NLO)
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Cannot cover all channels
will give some examples with the following channe

>H — vy "benchmark” = taik )
‘ttH, H —bb (exclusive) . Low mass Higgs
‘QQH, H -1t VBF (exclusive) — talk |

‘H—-ZZ (*), Z -4 Golden discovery channel
°qu, H HWW(*) VBF (exclusive)
‘H - WW(*) —llvv

.MC AN
MSSM H S talk

Nothing about :

Invisible Higgs

Non SUSY models and little Higgs
etc
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LOW MASS

a For the mass range m,, ~ 115-130 GeV

0 Have to combine FEW discovery channels

J Best: H— vy

| . E—>
But need : excellent calorimetry + BR~10-3

o/m <1% +jet rejection 103 @80% eff

Na

H — qqrr VBF: jetsover ini<b
_'L_

orward jet tag + central jet veto

o

rtT.iou

"0

ttH (WH,ZH) with H — bb (b-tagging, 4 b jets)
hadronic transverse mass resolution
DIFFICULT.
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’ T
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3 T

ttH - +t bb - b/v b

ij bb
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H_ vy for m,<150 GeV

Note: different luminosities
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Recent developments:

*Irreducible diphoton background computed to NLO -> improvement of significance
-Analysis using discriminant variables,,optimized analysis, shape of kinematical
variables

-Significant calculations with both fixed and floating Higgs boson mass hypotheses



H—-ttH, H—bb, + — |

Very hard Il (6 jets or more)

NLO, x-section increased by 20%

but full detector +better background — more pessimistic result

inary
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Constrained fit
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VBF channels qqH —qqtt (or qqH —qqWW)

*qq jets go in the forward region

‘No central jet (colourless exchange)
‘At least one /W — leptons
*Irreducible bkg qqW/Z

»Important for low masses
> x-section is about 20% of gg

ATLAS o yer HO 20— 1" T— 1
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H->TT->pp ! e i e g oo
n of highest pT muon M (GeV) 5

Signal+bkg fit



VBF channels qqH —qqrT (2)

A J [ 4

CMS new analysis method : new veto, different di- # mass reconstruction,

"data driven” background modelling using Z->pp data, new fake electron rejection,
new Z+jets background estimation
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L~ 2 x 1033cm=2s! used, pile-up events (4.3 events per crossing) are
included in the simulation
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VBF channels qqH —qqtt (3): significances
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s Decay
channels
h (A.Djouadi et al)
0 L |
10_ s j';’u;o | '~2(.)0 | 500 1000
l lMH [GeV]

INTERMEDIATE MASS

Q For the mass range 130 < m, < 1806GeV, the Higgs decays to:

»H— ZZ*— 4] (clean signature and rather low background)
» H-> WW*s llvy ( Eqmiss, N0 mass peak)
» qqH—qqTT (ll+ 1-had)
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H— ZZ()— 4 leptons gcm Z¢)

130 < my < 160 Gev,
zmz< mH < 550 GeV 9 e } M

Simulation of H — UL

Signal+background
known to NLO
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4 |epton final state ——>

(single lepton efficiency)*
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~15% of gg—Zbb

Background rejection: lepton isolation + impact parameter
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Events{2.5 GeV)
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Signal significance

H — ZZ()— 4 leptons : significances

With systematics

{CMS L=301"

P &

=====Hoodl (10 By50
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200 300 400 500 600

Higgs Boson Mass, GeV/c”

I
D. Trocino, 2008 Split
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H-WW-—-l*vl-v

R R R RN RN RN e s e s
Important channel for HOF s smuion o
mH~160 Gev (H%WW BR ~ 950/0 ) 12[:':_ ML cross seclions Dw.'-;
BUT ’]UD:— E ..... ‘o
‘No mass peak o HW} o E
EID | Selection cuts
‘Need exact knowledge of me ﬁ{ 12GeV<m, <40 GeV ]
background shape o fy _:
Rackarounds: 0 20 40 60 +Bu 100120140 166 180

J
tt,tWb : rejected by jet-veto g

WW ,WZ, ZZ: rejected by kinematical cuts
Recently:

gg — WW contribution

tt, single top@NLO
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Stat, siemificance

Extra sensitivity by adding exclusive VBF -WW

[SD]

2 .
[ VBFHSWW () 1o LHC Data
2L
I - 9
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£]= ;
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. . - 4
Significance using a 5-dim fit 1= .

on kinematical variables 120130 180150180 IO A0 Mes (Gl

]

CMS NOTE 2007/011
VBF H->WW->2|+2v
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Discovery potential in 3 yrs low L

Beware: 2003 result

Combined statistics not yet available 2006 result
:j B 8 T T 1
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; ‘.—-’/ 'w--:&\l 5 I".II —s— H-WW-=2[2v |
s \ ' —— qqH, H-WW-—=hjj
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m,, {(Jc\'.-"-:l]l
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ATLAS+CMS on the discovery of the SM Higgs

Needed [Ldt (Fb!)

per experiment
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MSSM Higgs ( h,H,A, H*)?? 2 doublets

A large variety of channels (M ,sy>1TeV), two parameters m,,tanp
(tree level)

E§5ﬂ — ;~{?ﬂ
-— 1 -I
45 ?
LR él
40 |
35 : BN 7
25 ?f
DY
20 ?
7
s | L
N

10

5

e

ATLAS

FLdt=10 fb™" /

Moximal mixing

Minimal mixing mx<116 GeV
fully explored by LEP

Couplings to fermions and bosons
different from SM E=>
different x-sections and decay rates.

ab o [ TN
P e T MOLL. ]
. €Cos & sin L I~ N B (3
h| — ST preye sin(/4 — o) > i cos( — a)
S111 (v COS ¥ a4 . 1. 2
Hl —55 —s |cos(B — )| sisin(f—a)
Al—=is cot F|—ivy, tan [3 0 0

TE T |

400 450 500

m, (GeV)

morial

*a is the mixing angle of the two CP-even Higgs bosons
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MSSM Higgs—p*u- (1)

Direct production

| Associated production with b—quarks |

> Associated Production dominates for high tanb values > 10
» H/A mass degenerate for m, >130 GeV/c? (h/A for m, <130 GeV/c?)
Observed signal is the sum of all degenerate states

Pro:
> Very efficient muon identification / reconstuction
» Complete final state
> Excellent Higgs mass resolution
> Not visible in SM, enhanced in MSSM =) flagship for MSSM
Against:
> low BR~10-3
28



MSSM Higgs—p+u- (2) : Backgrounds

a) b)

g o p g, Q M\f\/u< q \\w‘.l;<u
>§M"4,< oo Backgrounds several hundred
q gnmsrm

Z+jets dominates at low masses
Reducible ttbar

important at higher masses

a A4¢S<
q %hi<
v

0.0 q w%<@ times higher than Signal

= T T T T L
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R ol L B - _:
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il =!1’|. L |'I|:||-'i! i
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MSSM Higgs—pu*u- (3) : Discovery Potential

Preliminary
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MSSM Higgs— 11~ (ep,ee,up channels) (1)

Same production modes and backgrounds as p+p-
Pro:

> large BR, scales as (m,/m), )

Against:

> T identification

= eof

8 - WH- .

% 50F Eg—a;; Pretiminary

£ 40F Jz—ea 30 -1

5 - tthar

§ 30k W sjets

o f tanp=20 ) . . .

§ 200 m=160GevV 3  Analysis +background estimation similar to VBF
S 1of e/p +E{Mss (+jet)

%™"s0 100 150 200 250 300 350 400
m,, [GeV]

The method of estimating the shape of Z— T+7-, similar fo Z — ppasin
the VBF H — 1+7- analysis
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MSSM Higgs— T1+1- (2) : Discovery Potential

tanp

@_ 50 L| T TT T T T T T T T T T T T 1T T+
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Associated production
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Charged Higgs Boson Searches (1)

Light H* : Decay modes studied

o it — bHTbW — bt(had)vbgq

iyt

a3 discovery sensitivity

T laom™ ]
Blion" ]

ATLAS I

Scenario B

o tt — bH"bW — bt(lep)vbqq

iyt

X7 discovery sensitivity

&0
(2
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45
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2k
[-=1
E 20
il »
2l Y 7
ol I 10
-1
ok Scenaric B -1ﬁ:'
Bt ATLAS
=20 100 1@ 120 130 1;I] ‘-IE-IJ 'II;'.'I 170
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e tt — bHTBW — bt(had)vbiv
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BR(t =H'b)

Charged Higgs Boson Searches(2)

Model independent searches

/ AN

Light H* Hé‘avy He |Cmgs 2w

3¢ discovery sensitivity

. Sa discovery sensitivity
10 T T T T T

CDF Run Il Excluded 95% CL
Preliminary

10" : gg/gb->tH*->trv/ttb

-4
10

a(t{b]H BRH = 1v) [pb]
|
|
|

Cson™
10m™
o |
1 [ L Tn'l 5 i i i A& i i
#0 1040 119 120 120 142 160 200 260 300 g0 400 450 B0 1% &00
m, . [GeV]

m, . [GeV]
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g

Charged Higgs Boson Searches (3):
combined coverage

6= diccovery canchivity
“ e . r
= COF Run il F 1
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Systematic and statistical uncertainties
are included.

tanf

oo
=

-]
=

a0
40
30
20

10

[ 1 | LIS | LI | LI | 1 I | LI L O
- CMS, 30 fb” /y i
- :| pp — thHE, H — w,,/f .
. m=175GeVic® /7 E
= / E
E i ! }}/ '™ scenario E
- :ll __.__._-:.':5-':':;:} Mgy = 1 Tewic® .
S M, =200 Gevic® | 3
— .',f i = 200 GeVic =
. M e = 800 GeVic® |
- iR Stop mix: X, =2 Mayey |
F | W t—=Wh=jjb .
E L t=Wbhvp E
:I | r‘ TN T Y T T N T T T N N T T M Y B N B -

100 200 300 400 500 EE[]D
M, GeV/e

Pile up is included
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Charged Higgs (4)
SUSY decays

Detection ==> beyond SM

UNAMBIGUOUS
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if the Higgs is discovered:

(if not, study the WW scattering at high mass — difficult. needs lots of £).
> Measure mass and width to determine if SM or not
»Measure coupling strength

»Measure Spin, CP etc @AS 300@
= I O H, WH, ttH (H =
Mass ~0.1% for M <400 GeV £ ghnmly
Calibrate the detector — ? © Al Charviels (scaia known 0 0.02 %)

find the peak of H — yy and/or _
H — ZZ(*) "complete reconstruction” 10}
— fit the peak :
(if not SM measure the mass .
from other decay channels — harder 0 F
“event counting”)

10 k

11/3/2008 C.Kourkoumelis, E.Arik m,; (GeV)



Higgs properties (2)

Width — experimental resolution is ~1 GeV
cannot measure width directly for m <200GeV

LU T T T T T T E l--I ; i |
| (H) [GeV] / '.‘:
| / ; : O\ <8% for m,>270GeV

1
1] 14} 16 200 S Al TIH} 1} . | | i i
My [GeV] 10
200 4400 600 &0

Spin and CP my (GeV)

if spin=1noH — yyand nogg - H
Study angular correlations of decay products H — ZZ —4l
see Eur.Phys.J.C32,209(2004)
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Higgs properties (3)

Couplings~10-207% — measure from rates o *BR

measure ratios of coupling
> measure absolute couplings but need to know the

absolute value for one width and theoretical assumptions

> measurement of couplings can be used for eiﬁﬁ\g
of MSSM scenarios (x2 fits) ., TLAS 300fb-!

—= ¥y
fH — bb)
— FZW 5 4

8. 0
m.0O
A A

ox BR (%)

Erroron

Accurate knowledge of L required

10 -

| Opensymbels @ AL/L=10F
| Closed aymbala @ AL =5 %
2 3
10 10
my; (GeV)
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onclusions

A4 I ) L L A A 481 4

(

If the SM Higgs exists and }
If the detectors are well understood

4
The Higgs will be detected with < 5fb-!

@ >integrated L

Properties? Is it SM?
Mass, couplings, spin.. Do more exist?

(sensitive to several MSSM
decay modes @10fb1)
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A big "thank you" to the organizers
Engin's spirit should stay forever with us
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Back-up slides
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[ [
ECAL uniformity |~1% ATLAS <1%
~ 4% CMS
Lepton energy 0.5—2% 0.1%
scale

e
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Heavy H+
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Some formulas gg—bb HI/A ~tan2(B)

Mh .
: fory, =0

x'ﬁ - * 06(9g—h) = 0, I'(h—00),es,/ T(h—00),,
« 0(VBF—h) = 0g,, sin®(c-p)

Flpr =

E; fiply — iyl
Ty = h 1y ylx

T EntEwn Dl EPly — byl — EPL,

EI‘ F!j_'l!-'r - h}.ilx
X = — 7 - -I 1 e 1
C E+Ew byl — EFESy — hyle + EPshy

Jet reco efficienct (fopo cluster) R=0.4
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Only h

2001

-~

Theeraew of Charged Higas Studies

ATLAS Discovery Potential
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/

Kétéa A, Assamagan

M, (GeV)

Not all mixings studiedl!!

= Parameter space fully covered
in most of the of the parameter space

=1

= Discovery prospects for at least 2 Higgs bosons

ATLAS week, Clermont-Ferrand, 0627 /2002

o
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tanf =3 MSSM neutral Higgs production tanB=30

tanf =3 tanf = 30
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1 —LEP2 and Tevatron (prel.)
805 —LEP1and SLD

68% CL

-
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