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’> Introduction to Hadron Collider Physics
» LHC and ATLAS detector

1st{ > Test of Standard Model at LHC

e Parton distribution function

'+ QCD + jet physics

* Electroweak physics (Z/W —bosons)
ond {¢ Top physics

3ra 4 > Search for Higgs boson

4th [> Supersymmetry

| > Conclusions
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INEN Cross Section of Various SM

proton - (anti)proton cross sections

Istituto Nazionale [Tt
L_/ di Fisica Nucleare Processes 0 e i %j-

10" oy T
L Tev 1 tron LEHC U
The LHC uniquely combines the o o
two most important virtues of " o
HEP experiments: > o'
1. High energy 14 TeV 10 | 10° '
. . o 2 (E>s/20) o
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= | 1 =
10%3— 10%*/cm?/s A o 0
~ o, &
o 10 o 10 3
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10* Gjet(EIJEt > Vsl4) 10"
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-DOS0oNS
> 50 Z-b 10° E, (M, =500 GeV) 10
=~DOSONS 107 b 107
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M Status of SM model

» High precision measurements— Test of Standard Model
IIOO‘\ data naintec comhinad in 177 ahcawrvahlac nnlnlllofarl in SM

TOP MASS

— a(M,) precision 2 10-2 hadronic observable

Lo =a, H “HY 5, i
; m M,
M,,, and My;, WW W W T 2w
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INEN.... Top Mass from Semi-Leptonic Events
L-/ -

di Fisica Nucleare

Reconstruct m, from hadronic W decay
Constrain two light quark jets to my,

70% top purity - efficiency 1.2 %

>2000 [ b-jet
0 .
> | |
:§1500 - - 0=106 GeV * 3.5 million semileptonic events in 10 fb-!
- . (first year of LHC operation)
1000 |—
T Dominated by
- « Jet energy scale (b-jets)
0 * Final state radiation
0 100 200 300 400
M, (GeV)
» Linear with input Mtop

» Largely independent on Top P



(e Top Mass from Other Channels

Di-lepton events:

e

L

;

W
Fully hadronic events: £ 1000 o 101 Gev

i

500
0
100 200 300 400
m,, (GeV)
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(e Top Mass from J/'¥ channel

1000 events/y @ 1034 i
- Method: LN w-

Partial reconstruction of o
top J/¥ + lepton M% \l sy
*The lepton from W decay is rather

sensitive to m, L =100fb"!

BR(tt—>Wb+qqJ/ \y—>/40) = 5 10

*L.ow background

 indipendent of jet energy scale
* limited by b fragmentation & needs

Simonetta Gentile
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INFN
[ e T()p mass from J/ |\

- W i Y
b~ ~_b
I I )

80 -

> 3 — - Different
© A % B .
= i L % s b systematics
gL 5 Fe— (almost no
‘ I »nfE —* sensitivity to
20 E FSR)
- 65 > 2
: oL v v 14 1 | Uncertainty on
o Lali g ol 10y | N 0 20 400
0 50 100 I\}ISO G Tszg:«:: 3 Pt(top) (GeV) the b—quark
e .
MJ/y+ £) S = . fragmentation
E Pttop function
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1/N dN/d cos 6,

s vasons W POlal‘iZ ation

Massive gauge bosons have three polarization states

At LEP in efe- > W'W —;

determine W helicity from lepton (quark) decay angle in W rest frame 0*

= (1 £ cos 6*)? transverse

" sin%6* longitudinal
b2 * Fraction of longitudinal W

® Data, 183-209 GeV ‘ — in ete- — W+W-

— KoralW MC, 183-209 GeV ; 4
s o % 0.218 + 0.031

it Helicity (-1,+1,0) 4

- Fit Helicity (~1,+1) SM: 0.24

0.1 ‘ * Tevatron:
Longitudinal W in top decays

0.05F

-

0.91 +£0.52 CDF
(a) W—lv L3 0.56 = 0.31 DO
1 0.5 605 — SM: 0.7
cos 0,
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NNV Polarization in Top Decays §

»Use tt events to study the Lorentz structure of tt
P ossible W configuration 1n top decays.

W
AT I AT
i

l f 1 T
b
Left- handed W Lﬂngnudmal W Right-handed W
(=-1) (=0 ) (hy=+1)
M, m
F = =030 Fs———=070 F=0| Standard Model
m +2M: m:+2M;

Within SM (V-A coupling) only 2 configuration are

» Lepton kinematical distribution are rather sensitive to W boson
helicity
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INFN . . .
L =W Polarization in Top Decays

» A sensitive W spin analyser in top decays is the angle 6*
between the charged lepton in W rest frame and W 1n top rest frame

W hoson rest frame t quark rest frame

O+L+R

- . - ©n L
& P L & o
S F
0]

cos O*

1 dN 3 sing \ 1—cosd\ 1+cosd )
=—| F - +F - +F, -
N dcos¢# 2 J2 2 2
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)

(' E. W Polarization in Top Decays

s Fo=0.699 + 0.005
"L ATLAS 10 fbt F.=0.299 + 0.003 SM ATLAS

[ Fr=0.002 + 0.003 (£stat tsyst)
0.6 -

_ - | Fo [ 0.703 | +0.004 £ 0.015
4L F | 0.297 |+£0.003 + 0.024
02 F, | 0.000 |+0.003 +0.012

0-1 0|5 | (I) | 0|5 1

» Systematic dominated by b-jet scale.
» Precision on fraction of long.polarization W~ 0.03 after 10fb-!
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a’: B s tt Spin Correlation

di Fisica Nucleare

« Very short lifetime, no top bound states

 Spin info not diluted by hadron formation

*Measure the correlation through the angular distribution of
daughter of articles in top rest frame

:Vr t t - :\I t t 1 dzA\T 1 5 "
A — (trtr + trtr) (trlr + triL) L . _ = (1 — Acos6l cos.)
A-"‘TV(tLtL -+ thR) -+ i?\/v(tLtR -+ tRf;L) N dCOSf);; ('Z(‘OSQZ_ 4
Distinguishes between tquark rest frame it pair rest frame t quark rest frame

q(p,)

a(py) X, ps) . [ P 1}\ 1\1
 quark annihilation >mm< V | %
A = _0.469 q % E(m) l >/ : > > L

* and gluon fusion
A =+0.431

o =
. Prep . PFe
cos (—)‘ = cosf-=

— T2 1
ﬁg@ ) (il e[ il
.\:
[

Use double leptonic decays Predicted value A=0.31
tt > bb lvlv Simonetta Gentile
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)
M Ett-correlation dileptonic events

Double leptonic decays

tt > bblvlv

0* ¢ angle of charged lepton in top (or antitop) rest frame

<Cos 0 ** ,- Cos 0 * -, > <Cos 0 *" ,-Cos 0 * ,>

. With
Without . .
. . helicity
helicity .
. correlation
correlation

» Dilepton and -Semileptonic events analysis with same power to
probe SM at 5 in 10fb-!



-,
(- Single Top Production

Production mechanisms and cross sections:

ﬂ«

~ 245 pb

1 2 3

= direct measurement of V tt final states (LHC,10 fb-)
( observable by Tevatron in Run II)
Woev,uv

o process 1 (0.5M): ¥ + v + 4jets
e process 2 (0.12M) : ?+ v+ 3ets

e process 3 (0.02M) : 20 +v+ 2jets

Simonetta G
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-,
(- Single Top Production

Production mechanisms and cross sections:

ﬂ«

~ 245 pb ~ 60 pb
Process OVip OViy
- Selection: (staf) (theory)
t 2> bW 2 bev(uv) 1 0.4% 6%
b-jet + high p lepton 2 1.4% 6%
reconstruction of top mass 3 270, 50,

* Background from tt
signal to bkgd. 3.5:1

experimental determination of V,

to percent level (with 30 fb!)
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w/,? - EW Single Top Quark
di Fisica Nucleare E 1 .

Main Background [cxBR(W—{v), {=e,u]:

L =833 pb [ 246 pb] 1 [54.2 pb]

2 [17.8 pb]
~Wbb  6=300pb  [66.7pb] - 2.2 pb]
—Wjj 6=18-103pb [4:103 pb]

Pre -selection:
+
> 1 isolated lepton Pt>20 GeV
> 2 jets Pt>30 GeV

> 1 b-tagged jet Pt>50 GeV

Njets =2 or 3
Forward jet , pT>50 GeV (for WQ)
N-bjet=1 (for Wt) or =2 (for W¥*)

Signal unambiguous, after 30 1b-1: [process | Signal | Bekend | S/B
iy 1 27k 85k |31
Detector performance critical:
ko 0 _ - 2 6.8k |30k |0.22
Fake t,b-tag, jets calibrations 3 11k |24k | o046
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INFN . °
MNP  Top spin correlations

* Also study spin correlations in semi- leptonic events
Least energetic jet from W decay: k ~ 0.5

TopReX 4.05 (SM): LO
spin correlation simulation

Pythia 6.221 (NC):
hadronisation,
fragmentation and decays
with CTEQSL structure
function, ISR-FSR

SM, partons
C=0.0¢!

AlpGen: used for W+jets
background

Tauola+Photos 2.6: t
decay and radiative
corrections

Events/(0.1x0.1)

Atlfast 2.60: ATLAS fast 0
simulation and o Cos Owr sy A

. &, — &, —
reconstruction NC, recons.+ cuts SM, recons.+ cuts SM/NC, recons.+ cuts

Results for S + B : 80500 S, S/B=15 with 10 fb-!
C(ej) = 0.21 £0.015+0.04=~5 o from 0 with 10 fb!

Cos Our



INFN

Nucleare

(e Determination of Top Charge

Top charge:

* Q,=+2/3 not yet established t—> W'D
* Q,=-4/3 not yet excluded t—> Wb

Methods:

" jet charge determination. Measure the lepton charge from W
decays and distinguish b-quark from anti-b with jet charge

determination

= tty events . Final state photon
radiation would be more likely

if |Q| 1s larger.

cross section proportional to Q,"P:

Simonetta Ger

J< X8 0TS

Radiative top production

L 4 &

Radiative top decay
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A
&

3 Q=2/3 Q=-4/3
pp—>tty 101 £10 29517
pp—ott; t->Wby |62+£25 [24+£1.5
Total background 38 + 6

-]
10

\m .1nu 12d 0 b 1 m J30 i Al
pri7) GeY]

events

pr(Y)
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Istitu t Na o ale

di Fis

Nr. of events

Top Charge Determination

ATL-PHYS-2003-035

* Determine charge of b-jet

and combine with lepton

—Use di-lepton sample
Investigate ‘wrong’

ot combination b-jet charge
and lepton charge

— Effective separation b and

b-bar possible in first year
LHC

—Study systematics 1n
progress

Simonetta Gentile
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aﬁ&%{!gasurement of tt cross section

Total cross section:
»> At 14 TeV interesting in itself
> Sensitive to top mass G, cc 1/m?
Differential cross sections:
» do/dp; checks pdf
» do/dn  checks pdf
» do/dm,, sensitive to production of heavy object
decaying to top-pairs X—>tt

e E
3 g oXxBR required for a discover
2 1.6 TeV ~830fb q y
E o0 resonance 30 fb-!
= -
2 [ b 1 30 b
: 300 fb
- u 300 fb™ \
0 I I I 1 b [ 1 _' 1 L 1' L 1 1 L | 1 1 | I 1 1 mtt [GeV/Cz]
LCHO0 2000 1000 2000 3000 auuu _
Reconstructed m,, (GeV) 1 Tev m,, (GeV)

A resonance could be discovered if oxBr >830 fb




C == Summary & Conclusions

SM physics at the LHC with ATLAS

* Very important in initial phase
»>to check detector
» to check generators (pdf)
> to prepare discoveries

e Large potential for precision measurements
»>large cross sections
» precision limited by systematics
> use as many different strategies as possible

Simonetta Gentile
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k Standard
Model

Higgs Search
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a’: g:;:;":zf::::: LEP legacy

*Needed to generate particle masses
*Mass not predicted by theory

Direct limit M, >114.4 GeV

6
N Ao, = ] , .
_ — 0027584000035 Indirect censtraints <208 GeV
""" 0.02749+0.00012
4 «++ incl. low Q° data — LP200 5
I 3 i
N il With new m, Tevatron
o : _QRQ +52
_ _ My=98 = ;. GeV
0 Excluded w
30 100 500

Simonetta Gentile
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)

N

Only best analysis from each
decay mode, each experiment.

Mass of the Top Quark (*Prehmmar\;)

EPS95 &

0] 1Sato

Measurement mp [GeWc]
CDF-l di-l Aj-i-— 16744114
D@-l  di-l ! 168.4 + 12.8
CDF-II di-l* —i—-i 1653+ 7.3
CDF-l I+ B 1761+ 7.3
1
D@-I I+ | —— 180.1+ 53
CDF-II |+* Shs 1735+ 4.1
D@l I+ —-—!— 1695+ 47
CDF-l all] : S 186.0+ 115
: 2
: x*/dof = 6.5/7
1
‘ Tevatron Run-/I* -?- 1727+ 29 ‘
1
1
:
| . . ]
150 170 190
7y

~.-ombination of Measurements

Year Miop Miiges
GEV] [GEV]

2003 174.3£5.1 <219
2004 178.0+4.3 | <251
2005 174.3£3.4 | <208
(June)

2005 172.7£2.9 I
(July) .

Expected precision in 2007 at Tevatron:
+ ~1GeV
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INFN

=3V Higgs search at Tevatron

Tevatron expected to S.Lammel, Fermilab,LP05
cover up to 130 GeV/c?

Tevatron Higgs Sensitivity Group June 2003 Update

I .................. .................. .................. ............... S‘U‘SY‘/Hrggs Wo rkshop

|
1
ITIL LUITInosy per £ExXp. (1D )
[EE
o

Elﬂl}: FY0S / L= B I _ o R N S
& ol / FY02 ] 7 e IO T
/____ er Fyol | 50 Dls_céovery.
% 50 100 150 200 250 300 350 T e R B s cnee. _
LPOS 100 105 110 115 120 125 130 135 140

Higgs Mass m,, (GeV)
Gomel School of Physics 2005



)

Ll.f Events

Statistics
at low luminosity
(L=10* cm? s1)

Process Events/s Events/zear

4ITA,
% uni

ZA

W- ev
7 ee

tt
bb
gg
(m=1 TeV)

H
(m=0.8 TeV)

QCD jets
pr> 200 GeV

15
1.5

0.8
103
0.001

0.001

102

103
107

107
1012
104

104

10°

— LHC is a B-factory, top factory, W/Z factory, Higgs factory, SUSY factory

Simonetta Gentile
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The Challenge ﬂ?

I'UJI
Irn m\
[ \_ Nl 7.

How to extract this... ... from this ...

% | : '.I':' "il ..' !. l' i"i
3 'F”'iﬁ“a:#whfji Hqi iy

+3(0 MinBias

Simonetta Gentile
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Knowing that there are 10

thousands billions of:

Simonetta

y =
o

@ (proton - proton)

1 nb

)
o The Challenge

9

[FT RN

Fermilab SSC

CERN i

LHC

G- = (m= = 500 GeV)

=i= g
G- CDF/D

tt m =
m,,, =175 GeV lop
OH
my = 100 GeV
'O-z
m_=1TeV
T Higgs
I'|'||.=_'u':|':| Gayf

0.001 0.01 0.1 1.0
Vs TeV

Gomel School of Physics 2005

107"
102
100

-Ir

L=l
o S
|& &>

Events /s for & 10% cm=2 s~



¢ (nb)

10
10
10
10°
10°
10
10
10°
10
10°

10°

107

10°

10

10°

10

10

E:l

o (B > s/4)

S (M, = 150 GeV)

T
raal

(M, = 500 GeV)
Ll

HC

3
vents/sec for L 107 cm™ s

W, Z

0.1

1
Vs (TeV)

Higgs m,=150 GeV 9”"’“F> H_
ot

4,8 pairsm~1TeV 9 |

gm

_>_
q
—p

Q) Ql

- No hope to observe the fully-hadronic final states — rely on /, y
* Fully-hadronic final states only with hard O(100 GeV) p cuts

e Mass resolutions of ~1% (10%) needed for 7, y (jets)

» Excellent particle identification: e.g. e/jet ratio pp > 20 GeV is
103

Simonetta Gentile
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éﬁ@ggs Production Mechanism@ LHU#

g . HO 6(pp —»H+X
] Y v 102 ( ) 107
Vs =14 TeV
m, =175 GeV 105‘_
__________ CTEQ4M _'8
W T 10°
..": -------------- D
t ._.:::‘.' o ageeHggTT e TS . —
'°.:'.:.,. \1 " - 5
. b S 10 s
W,z w.z S §2)
D o2f R SO 103 =
ﬁ A '""';:'-'-7'..-;_ - _ S
W, Zbremsstrahlung ~ _} T Trel S, o
103 F M. Spiraetal. 00.qT—>HED e m e Sl 107
NLOQCD T 2
o 10'4 .......
0 200 400 600 800 1000
WW, ZZ fusion ™9 MH (GeV)

4 production mechanisms= key to measure H-boson parameters



)

» Direct production > Associated production

og fusion tt H, WH, ZH :

gg fusion dominant 1-10% of gg fusion
»WW/ZZ fusion sisolated lepton from W )
VectorBosonFusion 20% decay Y
of gg at 120 GeV * reconstruct top-

o quarks

2 jets (@ large )

NN
S A

W, Z
' 4 i Simonetta Gentile
LC A e Gomel School of Physics 2005




)
X v Properties of Higgs boson

» The Higgs boson couples to particles proportionally their mass
— preferred decays in heaviest particle allowed.

W Z, tbe, 1" ...y L. -
H / J:‘D _}ﬂdvy Y
\ W-,Z,tbc,t-....y  wp wl

*Lepton & photons are essential final state against QCD background
bb decay mode only possible in associated production tt...

Simonetta Gentile
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Higgs Discovery Channels at LHC

114 GeV/c?

(LEP2 hmlt)fl
~ g
2 E + e
S "'
o i
2 77 :
g ‘\
" \/ i
&l f (Gl
£
S E
Q H : 3
&
£ o\

AN

Dominant BR for m;<2m,:
¢ (H — bb) = 20 pb;
o (bb) ~ 500 ub
for m(H) = 120 GeV
— no hope to trigger
or extract fully
hadronic final states
— look for final
states with /, y

({=e,u)

200 300 400 30

—_ 1000

Low mass region: m(H) <2 m, :
H — vy : small BR, but best resolution

Ho Z7Z7* > 4/

H —> WW* — /v/iv or /vjj : via VBFand direct
production

H — tt: via VBF

mH)>2m, :

H—>Z7Z - 4

qqH > ZZ —> (/ vv *
qqH—>ZZ > 1/ *

qqH > WW— /lvj) *

* for my; > 300 GeV forward
jet tag




peak
p " mesolt
- | peak
+ . In the
N .= number of signal events signal
N,= number of background events ] pgste
m,, JN, Error on number of background events

(for large statistics, for low Poisson statistics)

» S > 5 :signal larger 5 times error on background.
Gaussian probability that background fluctuates up more
than 56 is 10-7— DISCOVERY

Gomel School ot Physics 2005



e Considerations

» Detector resolution
[f the detector resolution became worst 6, . To keep the same

number of signal events, N the region has to be 2 times larger
to keep the same number of events.
If background flat —— N, ,increases ~

N
S = \/Ni m——=p> decrease = \/ \F ~A\O
An high resolution detector has better chance for a discovery
« [f I'y << o ., (if the width particle X 1s broad of detector resolution this
comment 1s not important)

Remind : my; =100 GeV — I';; ~ 0.001 GeV
m;; =200 GeV — [, ~ 1 GeV
my = 600 GeV — I'; ~ 100 GeV 'y ~m?

Gomel dchool o1 Fhysics 2005




[ e Considerations

» Luminosity

N,~L
N, ~L mp S~ L

Simonetta Gentile
Gomel School of Physics 2005



L

Theoretical limits:
M(Higgs) <1 TeV
LEP

Experimental limits:
M(Higgs) > 114.4 GeV
Indirect constraints:

M(Higgs) <208 GeV

Safe channels:

H— vy
H—ZZ— V¢V /V/

The Challenge

" H - ¥Y
s H = 22" S5 41
— Total significance

Signal significamce

" ay
Discovery p= 99.99994%

ATLAS
| L di = 100 ™"

\

10"
my, (GeY)

here discovery “easy’
with H — 4/

>\

Simonetta Gentile
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Prospects for Standard Model Higgs searches

|||||||||||||||||
L/ di Fisica Nuclea
g H — vy ]
= - -1
E |Ld‘l=3“ﬂ1 B ttH(H — bb)
= (no K-factors) L H =727 = 41
Bt ATLAS = H = wWw? Sy
; lllz_— B ggH — quw“’
= & qqH — qqtt
Br —
o O Total significance
R
(=)
e
o)
S 3
> 2
O =N
-«
3 ®
I >
10 |- = ©
5 o E
= —
----- ﬁ-..‘u-- ----v.
= =
S =
& =
= =
Sa)
IIIII I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I —
100 120 140 160 180 200
m,, (GeV/c?)

*Discovery: several

complementary channels.

« some channels with very exclusiv
topologies (large bgd. suppression).
« Coupling measurements @ 30fb-!
e Mass, width (direct and indirect).

*Detector performance is
crucial: b-tag, //y, E-resolution,
v/j separation, E.™S resolution,
forward jet tags, central jet-veto,
T—reconstruction.



SM- 11ke Higgs searches early reach § JOSL% mass )
[ e .

Signal significance

10 2

10 |

LEP my, > 114.1 GeV

_ . H— vy
M— = ttH(H — bb}
(no K-factors) A H - 7277 - 41
ATLAS H > WW" S Iviv
" qqH — qq WW"
A qgqH — qq71t

Total significance

*observation of all channels
important to extract
convincing signal 4-5 o
significance in first year

( Several channels give~2 ¢
significance 10 fb1 )

—H — yy relies only on
electromagnetic calorimeter,
(constant term < (0.7 %)

Simonetta Gentile
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;E‘Fi:i:a I:Lza::?::rz H vy .H-H — ttbb qu — qqtt
R y——
S 150 15 ~ 10
B 3900 45 ~ 10
S/B 0.04 0.33
Signif. 2.4 2.1 3.5
CLb 9 10-3 2 10'2 4 10-3

o .
K —factor=—2 ~2 notincluded

O1o /

Total S/ VB for 10 fb!
and complete detector:
~42 o

Simonetta Gentile
Gomel School of Physics 2005

qqH - qqTT
T
q q
| g
L L s
q q




SM-like Higgs searches early reach JRiYr s mass

[ i
% L dt=30fm" s EHTHYL bb)
2 AR @ RIS *observation of all channels
%,n , ATLAS H > WW -){*:vl\r . . .
5 10°F S o~ aa Wy important to extract convincing
En qqa — qq. . . . . .
Z L signal 6 ¢ significance in first

year ( Several channels give
<3 o significance 10 fb'! )

10
*4 complementary channels —
robustness

— H — 4/ : low rate but very

Ilﬁﬂ‘ h Iléﬂl | Il&ﬂl | Il&OI | IléO 200
my GeV) clean (large S/B, narrow mass peak)
< 3o significance per channel

(except qqWW counting channel)

Simonetta Gentile
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[ o et
- -1
10 1b complete detector
H-o>yy | qqH—>qqtt| H—> 4/ | qqH - qqWW
(/¢ + ¢-had)
S 120 ~8 ~5 18
B 2500 ~6 <1 15
S/B 0.05 ~3 ~1
Signif. 24 ~2.7 3.2 3.9
CLb 91073 41073 610+ 410

Total S/NB for 10 fb! and complete detector:
~6.50

Simonetta Gentile
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o, Light Higgs Search:

[ H > ZZ* ->4 le tons

B0 B0
I I

Events f 2 GeV/
40
1

20
T

¢ Br=15.7 tb (my; =100 GeV)

Example of

P of 2 most energetic u > 20 GeV
P, of 2 less energetic p>7 GeV

*n|<2.5 (barrel)

‘M £)~M,
‘ML L)<M,

™ Mt \ background
L =100 fb!

Simonetta Gentile
Gomel School of Physics 2005
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m@ ‘ Light Higgs Search:
s H -> Z2.2.% -=>4 leptons

background *Top production

tt -Wb Wh —>€¥ c{v 4\/ c@v
W bW b

¢ Br= 1300 fb

*Associated production of Zbb ¢ Br(Z—pup) = 22.8pb

Zbb — Llc by clv
To reject the background:

1.leptons from b-quarks decays are not 1solated

2. don’t originated from primary vertex (t, ~1.5 ps)
e /.Z background c Br(Z—bb)

after isolation cut continuum Br(Z—up) = 0.15pb

Discovery potential in mass range from ~ 130 GeV to 600 GeV

Gomel School of Physics 2005



Light Higgs %"

Search:

H -> ZZ* -> 4y

required lumi for discovery

.
14 F H sp*upty
*.g Detection sensitivity at high lumi.
é" 1.2 [ °
T 1T
: -
g 0.8 -
-l
g 0.6 |-
§. 04 -
c B .
0.2 s .
0 _I 1 L L I L L L 1 | L 1 L 1 I L L 1 1 | 1 L L L I L L 1 L
100fb 120 130 140 150 160 170 180
iy M,, (GeV)
T F H p*pp*y
"g 1 Detection sensitivity at low fumi.
Q
H 08 v
L
3
g 06 ¥
3
g 0.4 |-
S
¥
g oz #
o
oL 1. ol ol A T R
S 120 130 140 150 160 170 180

Gomel

M,, (GeV)
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3 nght Higgs Search: vy, ttH channels

B Significance: m,, (GeV)

= — s 2.8 to 4.30 for . Signal significance (50) :
B -1 )
m,, (GeV) 100 b S200 1< 120 GeV needs 100 fb-!

=]

\ G 1 1 1 1 | | 1 1 1 | 1 | | | | 1 1 1
0 100 I 200 300

::‘{ s [ [ E L w:F'l'.b\,I
2 myy = 120 GeV , 3
g s ATLAS Challenging and complex topology : B
~ 100 fb—1 4 b-jets, 2 jets, 1 lepton ‘ b
a 17500 b
= H—->bb > _
- g b
o t— bqq' ’
t —> bfv
12500 E
= 1s50[ ATLAS (1999)
105 120 135 S| myy = 120 GeV/c?
m, (GeV) = JﬂL 100 b~

% — 100 I

G myy = 120 GeV -1 =~ I

=~ 100 b1 o |

Fg > 50

5 Salag |

2

.&0 500

2

<

<

s

=

80

@)




) LA
_ VBF Higgs boson production at low mass_

° Dl | II 'il."-:.i
Distinctive Signature of: N ¥
- two high P, forward jets .
- little jet activity in the central region ’ Zes
= .Jet Veto 08 s DI
Tag jets Higgs Rapidity distribution of tag jets
S VBF Higgs events vs. tt-
background
N TOE
Channels studied: °>* [ Higgs ¢

qqH —» qqWW* >qq/lv /v
qqH —»qqtt —>qqfvv LvyvV
—> qq/vv had v

Hard leptons with distinctive kinematics; n jet
Full H->tt reconstruction possible



M.  Forward jet tagging

0,06

Higgs tt t

D0

002

TAET IIII|IIII|IIII|I T

Rapidity distribution of tag jets Rapidity
VBF Higgs events vs. tt-background

Simonetta Gentile
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INFN Background

QCD backgrounds: el.weak background:
tt production Z + 2 jets WW jj production Z+2jets

Background rejection: qqH — qqWW* > qqlvlv

My = /(B + By)? — (5 + ppiee)?

 Lepton P cuts and tag jet requirements
(Ana PT)

* Require large mass of tag jet system

» Jet veto

 Lepton angular and mass cuts

Higgs boson (my =160 Ge

tt background
v* /| 7.+ jets

g

]
a,./5GaV (i)
- N

G, /5GeV (Ib)

100 150 200 250 0
m_ (Ge\V) my, (GeV)

<=.
="y

o, (fb)

Gy 5GOV (1]

my (GeV)

Simonetta Gentile
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/)
::.";.::;”:z::::qq—>qq W W*—>qq ‘v Uy

Mr = \[(Bf + B - G + o)’ Transverse distribution excess
T EENEETT On the background tt -production
T - 1 tt +'W1baceground
ORI 5 %Y bockground
85 [ ATLAS
% B
T b
023 f—

a = 100 130 =00 s
M, (GaVict)

Simonetta Gentile
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[ :::;:sa”:ii?:ﬂq_)qq W W*—)qq [ \Y; g V

Evidence for spin-0 of o 2
. 2 rme
the Higgs boson R =E" B K.Jacobs
Spin-0 — WW — tviy expect leptons N Azimuthal difference
to be close by in space " Between the tWO
2

J h leptons
/ T nﬁ-w\

E - ﬂ} 1 Higdn sl =183 E : h] 1 HEmsqra r=11 %)/
_ﬁ- . :_ [ 77 bxiguud § : - O r7 kg
- - 3 4+ i bowkgoed b B 3 H+'M boolgrousd
E C E ¥ ek -E E EEE i ook rourd
075 :— ors |
0.5 E— 05 E_
025 E— 0z F
o 1 2 3 o 1 2 3
A (rad) At (rad)
signal region background region

Simonetta Gentile
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I N@ qqH :Signal and background rates

Istituto Naziona
di Fisica Nuclear

SIGNAL: qq —qqH m;; =120 — 180 GeV

o(qqH)= 4.4—-2.8 pb

cxBR(qqH-> =t ) =300— 21b

q q
W.,Z
o & x BR (qqH > WW*) =530 — 2600 fb
q q
BKG

tt | 55 pb

b QCD WW + jets 17 pb

- EW WW 4 jets 29 h

EW 771 + jets 170 fb

— g/Z'y* + jets, Z/y* = ee/pp 5300 pb
- 38 pb

Simonetta Gentile
Gomel School of Physics 2005
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]
q

m, = 2p % E Mss(1-cosd)

=)

=

2
B

]
0.4
0.3

0.2

0.3
0.2

0.1

Higgs signal 140 GeV

—
[ tt bockground
=

WW background

m, =140 GeV

II‘-|III|IlI|IIII|IIII

[ Higgs sgnal 160 G
[ tt bockground

BN WW bockground

g

0 50 100 150 200 250
m (GeV)

H —> WW* — /v/iv P

Observe excess in transverse

mass distribution
S ~ 10-40 events for 10fb-!

B~ 10-15 events

 Two isolated leptons
 Two forward tag jets
* Central jet veto: p,<20 GeV

imontita dERtON angular correlation
School of Physics 2005
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[ Vector Boson Fusion

These studies demonstrate that Vectgr

boson fusion channels may be 2 ATLAS
accessible in the low mass region é | jLdi=10m" |
already in the first year. = [ (moKfactors) qqri — qqTt
-EP _ ATLAS
n
= | All channels
For 10 fb~1in ATLAS: £
2

S o significance for
120 <my <190 GeV 10

S
Results are conservative: I
- K-factor not included 100 120 140 160 180 200
- very simple analyses used M0, (GeV)

Simonetta Gentile
Gomel School of Physics 2005



L.ow mass remarks

\Z,

The 3 channels are complementary — robustness:
* different production and decay modes

* different backgrounds

* different detector/performance

requirements:
-- ECAL crucial for H — yy
(in particular response uniformity) :

c/m ~ 1% needed Note :

-- b-tagging crucial for ttH : all require “low” trigger thresholds.
4 b-tagged jets needed to reduce e.g. ttH analysis cuts :
combinatorics pr () > 20 GeV,

-- efficient jet reconstruction over |n| <5 pr (jets) > 15-30 GeV

crucial for qqH — qqrtrt :
forward jet tag and central jet veto

needed against background
Simonetta Gentile
Gomel School of Physics 2005



1 VLI

¢ 10 b

200 GeV <m(Higgs) < 600 GeV:
- discoveryin H > ZZ — 000+ 0"

H[ZZ > T

15

background smaller than signal,
Higgs natural width larger than

Events/7.5 GeV

fLdt=101b"
(no K-factors)

10
experimental resolution (my;,, > 300 GeV)

- confirmation in H > ZZ — /- i
channel

m(Higgs) > 600 GeV:
4 lepton channel statistically limited

+ - 400
Ho>ZZ > V7 vv m, (GeV)

Ho>ZZ > V"7 jj,H> WW > ALY, jj (150 times larger BR than 41 channel)
Event signature: high p, lepton, two high p. jets

o
[
i
I }
= |
]
—
JELEN S

I

PMJ
o
(=]

Combination of analyses allows Higgs discovery in full mass range
Gomel School of Physics 2005



-,
NN Higgs signal in ATLAS

dFsc N Iare

LHC can probe entire set of “allowed”
) :
3 {L =30 f‘b')l . EH{THTI,P,:M Higgs mass values (100 GeV — 1 TeV)
-Lé no k-tactors s H = zz” 54l
g 2| ATRAS B WWE v'at least 2 channels for most of range
— C " gg — qq
E 4 ggH — qqTt
E;L;‘l _ Total significance

Full mass range can be covered
After few years at low

160 180 200
my, (GeVi?)

Simonetta Gentile
Gomel School of Physics 2005



(=== Discovery potential
All channels together

= For most of the mass range at least two channels available

" Good sensitivity over the full mass range from
~100 GeV to~1TeV

> my<180 GeV: several complementary
channels (yy, ttbb, 2/E Miss | 3/E.miss, 4 /, tt)

» m;>180 GeV: easy with gold-plated H > ZZ* — 4/

Challenging channels (multijets..., WH) not included

Simonetta Gentile
Gomel School of Physics 2005
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[NY..Standard Model Higgs

Once Higgs boson has been discovered
measure 1ts properties:

Simonetta Gentile
Gomel School of Physics 2005



Measurement of the Higgs boson mass
N\ i Fisica Nudeare

) T *No theoretical error
Er F A ﬂJH:zt%H_)ﬁebb} ] ]
vl Dominant systematic
it uncertainty: y //, E scale.
Assumed  1%eo
Goal 0.2%o
Scale from Z — ¢/ (close to light
Higgs)
Assumed 1% jets
ATLAS + CMS .
- JLdt=30015" Resolution for
0L I — vy & L4 1.5 GeV/e?
10 10
My (GeV) bb 15 GeV/c?
Dominated from At large masses decreasing
/Z7—4/and H—yy precision due to large I',




m?pR/Ieasurement of Branching Ratios

Istituto Nazionale
di Fisica Nucleare

Measurement of relative branching ratios
»Fitting Br(H->XX) (assume Higgs production works as in SM)

e Fit of BR(H — ZZ), BR(H — WW), BR(H — vv), BR(H — 77)
and BR(H — bb)

o (o- BR)j (¥) = o; - BR;

2| 214 — I, /Ty Qe F —_BRHS ZZ
3= —T, /T, 4@ ML —BRH - WW
=|F 120 — T /T - —BRH - vy
ol 2 I-ti-]-w 1.2 —BRH- 11
- oW N —BRH -5 bb
1 — %y 5 e without Syst. uncertainty 1 A — without Syst. uncertainty
0.8— -
: UL 0l ATLAS
0.6 ) -
5 .[ Ld=so0f] % J. L dt=300 b
04— 5 &% ol B
B 0.4_—
0.2 -
: RPN b S 0.2 n
O_I P TR R A S R R |--|-|--|-T-|-T.|--|-|--| v vy | T-|--|-|-| L1 : ____________________________ — "'-____
110 120 130 140 150 160 170 180 190 oL Lov oo ooy TlT-l--l-r'l'T"l'T'|' rrrrrrr bomsopa- bamreps o e e ol RN
m,, [GeV] 110 120 130 140 150 160 170 180 190
Sumnonetta m,, [GeV]

Gomel School of Physics 2005
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[ e :
Higgs Searches at the LHC

- Measurement of coupling-parameters (110 GeV < mpy < 190 GeV) -

Global Fit to all ATLAS studies

o Maximum Likelihood Fit

e Systematic uncertainties are taken into account

Froduction Decay mass ranges

fony o Gluon-Fusion | H — 22 — 4l 110 GeV - 200 GeV
m - igg — H) H - WW vl 110 GeV - 200 Gev
7 H — 110 GeV - 150 GaV
WEF H - ZZ 4 110 GeV - 200 GeV

iqq Hy H - WW — lpely 110 GV - 190 GeV

H 77— lww v 110 GeV - 150 GeV

H — 17 — lvv hady 110 GeV - 150 GeV

H — 110 GeV - 150 GaV

ttH H - WW — lele ()] 120 Gev - 200 Gev

H &b 110 GeV - 140 Gev

H TT (not included) 110 GeV - 150 GeV

H — 110 GeV - 120 GaV

. w.z = WH H - WW . lely(lv)] 150 Gev - 190 GeV
_____ ¥ H — vy 110 GeV - 120 GV

9 v b ZH H — 110 GeV - 120 GeV

Gomel School of Physics 2005



Measurement of Higgs Boson Couplings

*Global likelihood-fit (at each possible Higgs boson mass)
Input: measured rates, separated for the various production modes
* Output: Higgs boson couplings, normalized to the WW-coupling

2 2
EED | FH2)/gHW)  ZE g*(H,2) / g°(H,W)
I | | |— M/ FHW) o | |——gH) / F(H W)
S 2(H,b) / g°(H,W) S | 2(H,b) / g*(H,W)
q%' I.n'lll g (H,0) /g (n,wW) q%' g (n,0) /g (R,W)
1 Irf'lll : without syst. uncertainty 1 I|.-'l without syst. uncertainty
jfi J,!'
o5 1 /  ATLAS 0.8 / ATLAS
-1 / -1
0.6— ) _ L dt=30 fb 0.6— / L dt=300 fb
N "
0.4 \\ 04
0.2 02— -
n_||||||||||||||||||||||||||||||||||||||||| n_||||||||||||||||||||||-.'|.|’||||.\||||.||‘T;“||||
110 120 130 140 150 160 170 180 180 110 120 130 140 150 160 170 180 190

my [GeV] my [GeV]

Relative couplings can be measured
with a precision of 18z20%@.4for 300 fb-1)

Gomel School of Physics 2005



e COHCIUSiOHS to the SM part

Inclusion of VectorBosonFusion
channels 1mproves SM Higgs discovery
potential:

« ~10 fb"! needed for 5o discovery over
the full (interesting) mass range

*At least 3 channels with 3G sign for
30 fb! for each mass: more robust
result

Simonetta Gentile
Gomel School of Physics 2005



INFN . . Ay
L === Conclusions on the SM Higgs &

. _ -1
/L dt=10fb ATLAS

= [Ldt=30f" (no K-factors)

Inclusion of Vector
Boson Fusion
channels 1mproves
SM Higgs discovery
potential:

~10 b ! needed for 10

Sc discovery over
the full (interesting)

i
=

Signal significance

mass range ' m,, > 114.4 GeV| here discovery “easy”
— with H — 4/

30 fb! more robust YT e vE

result M (GeV)

Simonetta Gentile
Gomel School of Physics 2005
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