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F.Cerutti- HCPO9

Typical BKG cross-sections:
qq ~ 100mb; bb ~ 100 pb
W,Z-jets ~ 50-100 nb;

tt ~1nb
A —
?“ A
WW
BR(H)
7z
Fotr

M, [GeV]

500 1000

Higgs production at LHC

’ Lon  Eqy=14Tev QCD-NLO
Sl ST =
g t & F —gg—H 7
s f ATLAS —qqH
a g T WH
¢ wz @ 10 ~ZH E
0wz H 8 E —ttH
d r
q W 1E 3
q wz L E % G,
9 t ' 107 l2 ‘.‘ — - 3
] 10 I | m, [Gew
g t
T
‘ 114.4GeV< m, <157GeV  @95%CL ‘
M, ;<140 GeV:
H = bb (cc) dominant: QCD BKG!
H - 1t large
H > yy few per mill
M,>140 GeV
H-> WW#* Dominant
H-> ZZ* (deep ~ 2M,,)
2
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§/  Main "Discovery” channels

M <130 GeV

[ *

H> yy

» oXxBR ~ 90 (qqH 9) fb

qqH > qqtt > qq |l vv+ x
» oxBR ~ 120 fb

M, >130 GeV
a H->ZZ* > 4l
» oxBR~ 12 fb
2 (QQH > (GQWW* > I vl v

- oxBR ~ 990 (qqH 110) fb

: Backup material on W,ZH with H->bb (High-Pt), Higgs properties

11/18/09 F.Cerutti- HCPO9 3

(g General comments on Results |

2 Bulk of results based on recent publications: 2008-2009:

s G4-based Simulation of Signal and BKG's + Expected detector
(mis)calibrations and performance vs L taken into account

« Pile-up effects “"Low Luminosity” studied for several channels

« Improved understanding on Higher Order QCD corrections on
Signal and BKG: jets important: VBF, Jet Veto, ...

s Talk focused on "Low" =10-30 fb or "Very Low"=1-2 fb!
intfegrated luminosity and E.y = 14 TeV .. with 1 Exception

11/18/09 F.Cerutti- HCPO9 4
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F.Cerutti- HCPOS

7N

@ H-> vy

2 hugey/jet rejection needed
to keep reducible background
under control

S 6
Sjjx> 10°0y,

4 Myy resolution crucial TN

observe Mass peak over
continuous background

< S/B~ 1/To(Myy)

Large fraction of y>e+e-: to
be taken into account

# Need reconstruction of
primary vertex: IP has large
spread in z

11/18/09

F.Cerutti- HCPO9

Irreducible
—_— AWV
Y g
J_.\/wvvvv
Y g
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Inclusive analysis:

2 isolated High-P+ v (trigger)
Look for MASS PEAK: M,

CMS and ATLAS similar BKG
CMS better mass resolution 50

Small S/B o

BKG prediction VERY difficult:
» DATA M, side-bands

Events/GeV
o
2
-3

Very robust channel requires 2000

T
. Signal
Irreducible bkg

[=] Reducible bkg

s 7-ID, E-resolution and Isolation

11/18/09 F.Cer

; i = i
116 120 125 130

T LBLK!
CMS - L=1fb!
Signal x 10

—
135 140 145 150
M, [Gev]

1 Higgs M,=140 GeV (x10)

[ Higgs M,=130 GeV (x10)

[ Higgs M,=120 GeV {x10}

= Higgs M,=115 GaV (x10)

[] ee Drell Yan

O jets p,,, > 50 GeV =5
[71 p+jsts {1 prompt y + 1 fake) -
[ rtjets (2 prompt v} =

O vy box

1y born

H > vy

[ ¥

"]

[ ¥

&

Additional handles used in ATLAS

Improve CUT analysis add
o H+l-Jet
s H+2-Jets > VBF
- S/B more favorable
Alternative Likelihood fit:
» Categories: |n,|, #conv-y , N-Jets
o Variables: M,,, Pyy, |cos(6")]

Categories sensitive to o(M,) and

production mechanism
More Sensitive to BKG description:

M,, side-bands > BKG Properties from DATA

daldM,, [fb/GeV]
e e

T
= ATLAS

T T —
Bl sional —
- 3
=] imeducible bkg

I Reducible bkg =1

|- Reducible bkg

-

F.Ceruttii-HCPO9
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H-> vy

CUT analysis:

shape and 7,
Optimized analysis

Categories: lateral shower

4 Inaddition to Myy:

NN-isol-y, Evy/M,,, P, lonl ..

3 BKG shapes at LO only:

s OnREAL data BKG should come

from M,, side-bands

I W, 2, o (tmes 50

Events
S

11/18/09

F.Cerutti- HCPO9

o
o T

[+ Wes Bason Rusion (umas 50}

03 04 05 06 07

08 09 1 11

<
£l

©

o)

[] or
8 °F
S B
8 T
£ F
& St
» =
s °F
S
D sk
» F
al
2k
1;
Py — i i i
120 125 130 135 140
AUt
Higgs bosor S5 [GeV]

Significance: M;=130 GeV; L=10 fb!

s Likelihood variables+categ: 4.2¢
= Lik. My float: look-elsewhere -0.8c

Discovery with Likelihood ~ 14 fb-!

11/18/09

F.Cerutti- HCPO9

" |

50 =l
4;5 Disc, with Cu-Bases r) 3
E 3 5o Disq with Cit-Bases ent / E
0 3
asf e ol 2
L
25F -4 3
Eoa E
i :
15E CMS E
10F .
:
076775120125 136"1a5 740145 150 155
M, (GeV)
CMS: M,=120 GeV:

CMS Optimized analysis:

» Discovery

~10fb-1

11/19/2009
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11/18/09 F.Cerutti- HCROS 11

TN

~ H>Zz* > 4

3 GOLDEN channel region 130-160 GeV (+ above 180 GeV)
2 Small oxBR but small BKG after simple selection

» Narrow mass peak in 4l final state

« Crucial lepton efficiency: S/VB ~ g?

2 Main backgrounds:

ZZ* - 4l “irreducible” can be normalized from data side-bands
Zbb with Z-> 2l plus 2| from b-decays

tt > Wb Wb with 2| from W's and 2| from b-decays

(Z-jet with Z-> 2l and 2 mis-identified leptons also considered)

11/18/09 F.Cerutti- HCPO9 12




Events 0.1

H>ZZ* > 4|

@ Zbb, 1t and Z-jet are reducible 2| NOT prompt:

» Require lepton isolation: calorimeters + ID tracker
: Pt dependent lepton isolation better rejection of Zbb

s+ Require leptons from main vertex: IP significance cut

CMS Preliminary

& [T e e e
R ARERRARERESNEERS £ . wzzow _ i
1E 3 L F ] mu= 150 Gevict Zbb E
E —e— H(130GeV)-ZZ'— 4y 3 z et E
e 1 P ]
F Zbb 1 5 ‘ ]
. " = 77 ]
10" g = =] .
E E o— == Higgs -
g SN € gt % E
[ T B S s EEL o S . =] 3
L — = ]
) = R
- - i
E *‘I—.—L‘m E 102 <
0 E b
- ATLAS b gl Lodmf 8L d L ! L] | I
PP S PN EUVEN I R FEVE EPSRIN S S PR S B 10° 10 20 30 40 50 60 70 80 90 100
0 02 04 06 08 1 12 14 16 1.8 2

" Maximum £ pjfp: for A R=0.20

SIP

Events /{4.2)

H->ZZ* > 4|

@  After non-prompt rejection ZZ* dominant background (Zbb neglig.)

@ Look for Mass-peak + BKG from side-bands

@ Systematics ZZ* mass-shape: small only relevant at ZZ thresh.

w: I ]:] ' 1p|seudo—éxperin'|1ent ]
s IIrl ATLAS 1
= 11771 =
F A r 4]
F el ] L=30fb ]
= I adit J =
F L] ]
L T 51Nl | ]

151 ST £ g | =
F ¢ [T T[N [1] ] 1
L oo PEELE T e ]

10 Ll e [Lhele L =
Eoil el ATl el [l 1
Eo L UL 3R

sE FIT |- TRl el T
F LA ore T1W el Lo 07 7 |1

0 100 156 200 250 300 350 400 450 500

: m, [GeV]

do/dm [fb/10 GeV/e?]
T

CMS Preliminary

o
o

w
T

n ) ¢
T T T

05

e
E HoZZ 4

[ After Selection

50 100 150

Hzw
Wz
Wl H130
[ H150
Bl Hz00
Wl 250

m,, [GeV/c’]

200 250 300 350 400 450 500

11/19/2009
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7N

$ H>ZZ* > 4|

a CMSat L = 1fb: BKG horm. from Z-jet and + MC to extrapolate to ZZ*:
« Stat Error on ZZ* from 20% - negligible
2 Discovery: 130-160 range with 30fb-! for single-experiment

o Additional variables: P4l , M, angular-variables (related to J°¢) can improves
sensitivity (not used here to be less model dependent)

CMS Preliminary
T T T T T T T
rrrrrr bkgd-only: mean H-=ZZ-+4-
[ bkgd-only: 68% probability band
bkgd-only: 95% probabiity band L = 1 fb!
systematic errors
included

SM

& Profile likelihood ratio
e Poisson prabability IL=30 o'

Ratio 6., /¢
Signal significance

——nm—]

N D e 1L <>

120 140 160 180 200 220 240 260 100 200 300 400 500 600
<>

Higgs mass [GeV]

m, (Gevic)

({? H>WW > vy

@ Channel with Largest statistical power: accessible “very
Low"-L

s ~oxBR x L(1 fbY) - 1000 events produced
2 2 Isolated Leptons ensure efficient trigger

# No mass peak but some discriminating variables:
« Systematics on BKG From DATA “control samples”

11/18/09 F.Cerutti- HCPO9 16




%\g H>WW S Iviy

CMS Preliminary

@  Main BKG's
« tt> WbWb->Illvwbb
« WW QCD+EW irreducible
o W-jet, Z-Jets, WZ, ZZ, tW
a2 0-Jets: veto strongly reduces t+

a 2-Jets = VBF signature reject
WW(QCD)

+ Forward jet tag: |Angl, M
=+ Central Jet Veto

—— — H(160) »> WW = livy
[ ~—ti- bblvv

r " [Myetl <2.5,
Eper> 15GeV

i
Fraction
o I
N -~
T T

a
wz

Forward
tagging
Jjets ¢

>

L B ==

§¢

Eiu'%’r ok

[Xel I |

a il |

i)

H

B

11/18/09 ,r] F

-Cerutti- HCPO9

=]

Tagjet invariant mass (Gev)

Y H>W

W-=>1viv

CMS:WW > 21 2v + 0 Jets

Multivariate Optimized Analysis:
for 1fb!

[}

Main discriminating observables:
@ Aq>||, M||, ET'miSS

[}

+ variables combined in NN:

o Any, My, .

L B ——5

— <J; <>
v W e

e*e” Channel

—s— Signal, mH=1 60 GeV
] W+Jets, tW
[ di-boson

events / bin

[
I Drell-Yan

11/18/09 F.Cerutti- HCI

HlllllélF"r‘elli‘r"rl‘ir‘n‘a;y‘l‘Hl‘H“HI‘H“H

-1
0% 20 40 60 80 100 120 140 160 180
Ady [dg.]

11/19/2009



11/19/2009

7N

§ H>WW > 1vily

CMS: WW > 2l 2v +0 Jets

2 WW and tt BK6 Normalization from data o OMS Prefiminary

+ Ng(signal region)=a. x Ng(Control Region) 7_ " Mutiralo Analys

« o from MC T of
2 Main Control Samples: % —

o t1: [Signal=jet veto]<->[Control=2 jet g 47 i

o WW: Central Jet Veto + Ml > 115 GeV 2: '
4 Estimated BKG unc.: 22% WW and 18% tt ‘

7‘12IOI ‘ ‘11‘10‘ ‘ ‘180‘ ‘H_“II‘BO‘ ‘ ‘(32(;\[/)/'2
# Detector systematics included: Jet energy 1905 s, Bevie
scale, detector misalign., lumin., E+-miss

modeling, ...

11/18/09 F.Cerutti- HCPO9 19

@ H>WW->evpuv

o 20
ATLAS: WW > en 2v +2 Jets | § - 2l e W
E 16 A TLAS —=— H+0j, H—> WW— eu
2 VBF-NN tag based on: @ _
g M fl' dt=101b" —— Combined
° |ATIJ'J'|, M;;, Er-3rd-Jet i 12!— P -
s +b-jet veto 1:Eb /?/A\\\\
_ T . . E P e
@ Likelihood fit o BKG and Signal: e e W
Ry =k T
s« 2 regions from Ad,"S"+"Control" =l h
« 2 Variables: VBF-NN tag and DE-.g‘s T R T
M+ M (GeV}
a2 JES systematics on NN-Output g
s M, freeinlLR fit: “look
elsewhere” effect included

11/18/09 F.Cerutti- Ht
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qqH > qq =t

2 Covers M, <140 GeV region:

2 My > m_Higgs mass reconstructed under
“collinear approximation”

M =m, =—f— X, =——
H x]x2 B +Pmtss 5
2 Main BKGs:

o Z+jets > 1t “irreducible”

4 M, resolution ~10-15% dominated by E+-
miss: broad signal over BKG tails

2 VBF suppress Z+j, tt, W+j: Large S/B
s Cut on Central-Jet-Veto, M;

11/18/09

Final states: 1t & Ivvlvv and tt = lvvhyv

m;, F,

Nevts (30fb™) / 5GeVic?

tt, W+jets

Jrfcéﬂd'i HCPO9

i EW/QCD 2t+jets
B tbar W+jets
- Fit to Signal
- Fitto Ziy* (= 21)
‘4 === Fitto ubar W+jets
Sum of fits

200
M, [GeVic

Pl M W W A A W A A
S

21

qqH > qq 1t

Z-> 1t BKG mass shape From DATA:
s Z>pp+jets same SIGNAL selection one apart from Er-miss
. Substitute “real” u with simulated t same P
«  "Emulated” sample: Z-> tt mass shape and normalization

@ Main BKG's shapes and normalizations from DATA “control samples”

Additional control samples used by ATLAS and CMS for other BKGs

About 50 fb! needed to discover M=[114-130]
115 GeV Higgs discovered with 30 fb! 1 experiment

N events at 1 o'
8 g
T RE

w
S
B B e e

S5 EEERA RARZH RELES O T T

ATLAS E
Ns=14TeV, 30 '

ll-channel -

-~ Ih-channel =

— combined

~0r

J Sk

I Jot ] 3 9fF

It [P > 10 GeV, E > 20 GeV, VBF cuts| ] £
j prm-moers ] 5
i ] ks
g
H ; fake 2+ from real Z-~yuy. | ] &
B Z
=
D real Z->tt %
o
x

|

CMS preliminary ]
Ih ]

0

O a4 N W A w e
BT T T T T T [T T

PN L i R, YL INPRT S
50 100 150 200 250 300 350 400 450 500 F Cerytti- HCPOO
M(tt), GeV/c?

22
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Y LHC at 10

or 6 TeV

11/19/2009

CMS - Impact of LHC-Ey, Process | 57 27 | oa vy
it 0.450 0.113
H> WW+ZZ at 200GeV W[ 0450 | 0113
WW 0.650 0.320
» S and BKG o(Ecp): 174 0.650 0.320
zZ 0.650 0.320
« BKG decrease less than S Z | 0681 0.371
. W — tv 0.681 0.371
o Acceptance: small effect AR R A
a A.r 10 Tev CMS Preliminary
T T T T8
> Effecton S/JB~0.7 & of rewzzeames e
> "“L-equivalent” ~2 & i
o —s—10 TeV Bayesian §
a AT 6 TeV ;. o 10TeV CL, £
8
S S N S - H
o EffectonS//B~0.3 ;
i
s “L-equivalent” ~ 9
—e— 14 TeV Bayesian |
‘ | Lo taTeveL | |E
o 120 140 160 180 200
11/18/09 F.Cerutti- H( m, (GeVicd)
(e
{— .
Y Summary on exclusion
Full mass range can be excluded by 1 exp.
with 2fb! @ 14 TeV
= § S
L e . . ATLAS At 10 Te\I. WW(+2Z) 1fb exclusion in high
g . N mass region for 1fb!
$ 10" \\ // ! low mass region covered with combination
$ 0% \\ of yy + VBF-tt channels. The latter requires
10 \ L=21" well understood: E;-miss resolution, Jet
e’ \\ T3 oy Energy scale !
10°% N/ -
a0 N expected WWOj = ev v
e . 95% CLexclusion  — WWa = evuy ' high mass region WW: very challenging
10
100 120 140 160 180 200 . 220 from both experimental and theoretical
m, eV
n(8e point of view !
Detector commissioning well advanced
| ET-miss and Jet calibration requires
collisions !
11/18/09 F.Cerutti- HCPO9 24
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Y Summary on discovery
- ‘ : full mass range with covered
Q I 1476V 1 With CUT Based and 30 fbt :
S belllldlll__ews _________]
] " il yyand 272*=> 4l
8 ) [ il /1
Q S £
K%] } | / very ROBUST channels:
S 10 T ) P MASS PEAK over smooth bkg!
= Vo i / 1 Required:
2 [ P v'GOOD LHC performance
.%" IRy - v’y and lepton ID + isolation + E-
o "‘ — Horyouts 1 resolution
£ (¥ —= H—yy opt
% 1 = Y ——H-ZZ-4 E Other powerful channels
=4 —— H-WW-2iv] VBF-tt and WW-> llvv
T T | . . .
100 200 300 400 500 600 f:&?g::g/“ and/or provide
M., GeV/c
11/18/09 F.Cerutti- HCPO9 25
>Q . Chs.
§ Conclusions .

Discovery bc equivalent:

# Full mass range covered at LHC with "Narrow Mass Peak Final
States" almost independent of MC simulation >10 fb! at 14 TeV

Exclusion 95%CL:

ATLAS and CMS already competitive with ~1fb-at 10 TeV >
2011?

&i

Roadmap to SM Higss results

2 Collision data needed to complete commissioning and calibration
our detectors: some powerful channels involve Jet + ET-miss
measurements

Measure other SM known processes (BKG) before jumping into
Higgs searches

11/18/09 F.Cerutti- HCPO9 26
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@ Bibliography

a ATLAS:

s Expected performance of the ATLAS experiment : detector,
trigger and physics CERN-OPEN-2008-020
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£ -
¥ LHC performance %

LHC "nominal/quessed” performance

™

“Low" Luminosity: 10 fb"!/year at 14 TeV
a “High" Luminosity: 100 fb-!/year at 14 TeV

s 2010 expectation: 0.3 fb! at 7-10 TeV

2011: long shut down to reach 14 TeV or run at 10 TeV ??

11/18/09 F.Cerutti- HCPO9 30
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@ SM Higgs: M, constraints

SM: EW/Gauge part fully described with 6
few free parameters 1R a0,
. 51 % i —oo027s8:000085 7
2 Indirect: EW Observables precisely 1 W & —oozrsso00
measured at LEP, TEVATRON, SLD: 4] B ]
« M,<157 GeV @ 95% CL 3 :
a Direct search at LEP ete- > HZ: 2 .
o 114.4 GeV<M, @ 95% CL i s |
4 Direct search at TEVATRON (Desai o|Excluded NGs Preliminary |
and Jindariani talks) 30 100 300

m,, [GeV]

o SM: Fermion masses and flavor physics: much less satisfactory part > many free
arbitrary parameters
o SM with Higgs has other theoretical weakness: hierarchy problem, coupling unification,

/  Other channels: WH, ZH &%

4 Recently studied by ATLAS: Important o measure bb final state for
couplings:

o Highly-boosted WH, ZH > II, Iv , vv + bb
+ Isolated leptons or/and large ET-mis
« Dedicated jet reconstruction and b-tagging

b

‘mono’-jet

-> b-Quarks in one "fat" Jet |

11/18/09 32
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@ Other channels: WH, ZH

# Much better S/B then ttH with H> bb
2 It looks promising for coupling measurement

(a)
SRLARRARARE RARN)

ATLAS preliminafg§

Eisimulation)

-1

Wt
WV +jete
v

iggs
jErerpT
@ 1061360\

rge 112-136Ga o

Events / 8GeV / 30"
Eveyls /8GeV /3015
iy Vo /oGeV /3

S

>

Higgs mass [GeVic? Smggsmassteewﬁ" B E o w0 WD ise g0
) M =120 GeV —=15 —_—=
L‘"’-=30]b":7%=3.0 i VB B

+ 5/B much better than for ttH

* Different backgrounds for different channels

* Still good sensitivity including systematics

(Pile-Up not yet included) (e.g. S/JB = 3.0 for 15% uncertainty on all backgrounds)
3

11/18/09 F.Cerutti- HCPO9 3

S
i - —_—— 3,7
Combined: N

C. Waiser

'l"l'H a promising search channel some years ago:
10
t t  Gowmt 9 t
q ] L
——H H
q H g H
t t Qoo g —t

.1

Access to top-Higgs Yukawa coupling!

Complex
final state:

cut-based
pairing likelihood
s—constrained mass fit

ATLAS |
EuH 1 1.2F
Cttbb (QCD) i
CJttbb (EW)
)

total significance
o

cross section [fb/30GeV]

A BB
* Need precise background normalization!

* Has to come from datal
* Pile-Up: impact on selection efficiency

G50 100 150 200 250 300 350 400

Main Backgrounds: () IGeV1 and mass resolution
1Hbb, 11 - ttH has disappeared from latest sensitivity plots!
. 11/18/09 F.Cerutti- HCPO9 34
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@ Higgs Mass

2 Mass can be measured in yy nand ZZ* channels with great
accuracy («1%)

~O\° T 1 T
T CMS, 30 fb
=
=
= 1
<
\
i
10" NS, \
—— Hoyy
—— H=ZZ -4l
10*2 | | 1
100 200 300 400 500 6&)0
M,,GeVic
11/18/09 F.Cerutti- HCPO9 35

\i;) Higgs JP¢

JP¢ can be looked at in ZZ and qqH->qqWW final state

[Potarisation of the Z Bosons from Higgs decay (100 151

15
S2F & SM-Higgs
= .
3 oo )
g F W S I spin1,cP+1
s F
.. EXpected Measurement
.1:— % % %’ Spin 0, CP -1
200 250 l :'im m,, [GeV]
ey e

[ —=— SMpseudodaa H = WW— i
¥ - S
s0F referen, tribution GRE
[ [— referenc stribution CPO

©
o
T

number of events

-
o
T
1
i

O

|

11/18/09 F.Cerutti- HCPO9 0 0.5 1 1.5 2 2.5 3
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Higgs couplings

Using all available process and assuming only 1 Higgs boson relative widths can
be determined

Production Decay Range of masses s H.2) £ HHW)
< Gluon-Fusion | H — ZZ — 1l 110 GeV - 200 GeV HE 5 2
e . W /500G 2 ] gHD /g (HW)
P (99 — H) H—WW —=lviv 110 GeV - 200 GeV s |
S H— 1y 110 GeV - 150 GaV k8
@
~a_d _,— VBF H—ZZ—Al 110 GeV - 200 GaV A
~ !
W ; - (g9 H) H WW vy 110 GeV - 190 GeV withgut syst. uncertainty
wz/. H— 7 — lwwlvw 110 GeV - 150 GeV - ATLAS+CMS
. H — 77 — lyy hady 110 GeV - 150 GaV kil 4
A L dt=2*30 fb
H — vy 110 GeV - 150 GaV'
Qagl,,  Wl— T m— IYW ) 120 GeV - 200 GaV il
N H H— b 110 GeV - 140 GaV
t,
TR H — 77 (notincluded) 110 GeV - 150 GeV
H vy 110 GeV - 120 GeV 0.2]
g Wz WA H— WW —lwly(l)| 150 Gev-190 GeV \
,?,’””" H — vy 110 GeV - 120 GV
e < :
\ 7H T 110 Gev 120 Gav PARL VSN VRSN PO PUTEY FRRVY ROVSURTNN PO
110 120 130 140 150 160 170 180 190

my [GeV]

Higgs couplings

If also SM particle content is assumed then
Measure rates -> cross sections and BR’s -> couplings

M= IC
=z -
SGos
Production Decay E
o8-
x g7 WW) o g :
TagH > i ( - ) x Tu 07— [—
over oxagh + bgl R(H — Z7) ~ 92 F e —
VBF iy 9% 2z 3
2 g2 oar 2 Experiments
_ o 2 L 6 F
TiiH 9 R(H — 77) x FH 05= JL dt=2'300 fb '
~ 2 ~ E WBF: 2100 tb
owH X Gy R(H — bh) x FH E
04
. TRy
ozm X g% BR(H — ) X —(ag“rH ge)
0.3
0.

)
T[T T[T

PASTRI PRTRNTRTTN FRNTE FYRTIRTARI RSN NORY RRNTI AN
110 120 130 140 150 180 170 180 100
m, [GeV]
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N

S,

H-> yy %

— : 3 ATLAS ‘.Sig‘na\ I —;
Additional handles used in ATLAS ft : = irscuobioblg
. 3 o [-] Reduciblebkg
@ Improve CUT analysis add LI 3
H +2-Jet
o H+l-Jet —oee
s H+2-Jets > VBF
» S/B more favorable e
110 115 120 1256 130 135 140 J‘:S[Gewo
2 Alternative Likelihood fit: '
s Categories: |n,|, N-Jets, #conv-y 1515 gz O
» Variables: M, Pyyy, |cos(67)| j—
3.18 GeV
@ Categories sensitive to o(M,,) I
J - . W \ e ()[124%]
# More Sensitive to BKG description: 208GeV
(6) [15.1%]
¢ M, side-bands > BKG Properties from oG
DATA
F.Ceruttii-HCP09
TN

H-> vy

CUT Inclusive: 2.8 ¢

CUT Adding H+1jet and H+2Jets selections: 3.5 ¢
Likelihood with more variables/categories: 4.2 o
Likelihood M, “floated” - “look-elsewhere” effect: -0.8 o

4 ATLAS Results: Significance at M =130 GeV; L=10 fb-!

Signal Significance

s

o1 cn

(] R

M

IERR1 NERTN ERERI ARENI NN REARTRTY FRRTY FRTN

Hig

©Q

s boson mass [GeV]

Integrated Luminosity for Discovery
M,=130 GeV

CUT based:
Inclusive: ~ 32 fb*
Adding 1,2-Jet category ~ 20 fb*

Likelihood based:
Likelihood ~ 14 fb
Likelihood + MH “float” ~22 fb*
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CUT analysis:

2 Categories based on lateral
shower shape and n,

Optimized analysis:

2 Inaddition to Myy:
NN-isol-y, Exy/M,,, Py, [on] ...
3 BKG shapes at LO only:

= Some impact on Eqy

.« OnREAL data BKG should come

from M,, side-bands
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(=2 4,:5 -5 {50 Disd, with Cixt-Based! Analybis (witl etr) 3
- E -5 5o Disc, with C{-Baseq Analybis (no syst. err / E!
. £ E /5o Discl-with Anatysis (wit N =
CMS: M,=120 GeV: B o i e -
a5 . 5 Disc, with Analygis (no syst. err, 3
# CMS CUT based ok / E
+ Discovery ~23 fb-! o5F 3
v S i E
s Exclusion 4.4 fb-! 20F e I 3
E e, e =
. R 80 15F =
a CMS Optimized analysis: g E
10F =
o Discovery ~10fb-1 o 3
?0 115 120 125 130 135 140 145 150 155
M, (GeV)
Analysis 50 50 30 30 95% 95%
discovery discovery | evidence evidence | exclusion exclusion
no syst syst no syst syst no syst syst

counting exp. | 27.4 48.7 10.0 132 4.5 6.5

1 category 24.5 39.5 8.9 115 4.1 5.8

4 categories 21.3 26,0 75 9.1 35 4.8

11800 || 12 categories | 19.3 228 7.0 8.1 3.2 44 |
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ATLAS: WW 2> eu2v+0 Jets

Pre-select: 2 high-P1 I, My, Es-miss
4 regions based b-tag and A :

« 1 SIGNAL-enriched and 3 BKG-
Dominated

Two variables My, P:WWin 4 regions
Max-Likelihood Fit to:
« Signal significance
» BKG normalization + (Some) shapes:
lc:\b\flc‘:;vr'b Higher Order QCD corrections on
L

BKG sys > stat errors from data
Test statistics LR: A = L, /L,

11/18/09 F.Cerutti- HCPO9

H>WW->evpuv

b-tag tt+ tt+
(WW) (WW)
Signal + WW
tt+ WW +
Al
M,=170 GeV  L=10fb!
g 45 — Wijets
é woE e ww
Soese MR, 7 tt
30 — Signal
25| *~ Pseudodata
p ATLAS
‘2 f L dt=10 fb”
%

7N
Q&é H>WW->evpuv
ATLAS: WW > ep 2v+2 Jets | .- P Lonow
EF —— Bestit Signal
2 VBF-NN Tag based on: @ 10? 1 2-lepton Background
8 | Fake BG (W+jets)
o langl, My, Er-3rd-Tet £ ‘ , ‘ o
b-jet vet Eoomrilyy ArEAS
L + D- 4
oo LN
@ Likelihood fit to BKG and Signal: n(imﬂ@?“‘%rm.m ML
s 2 regions from A®,"'S"+"Control"
. g 20¢
« 2 Variables: VBF-NN tag and § 1l —e— H+2], H> WW— en
£ " ATI AC
M+ E mE— MR —=— H+0j, H— WW— eu
2 BKG Dominated by Tt E ME l"i_ dt=101b" —— Combined
. g 12;, o e
a JES systematics on NN-Output = b e T
" T TN TN
= e el N
/ET() e e
9 9 “w _— e /_ _________ ::.._ L
a M, free inLR fit: “look [t =
e . L ~
elsewhere” effect included iTF:/’
11/18/09 Flen ’Qhw"u BT TR Y !;pf_
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= qqH > qq

4 Main selection variables:
s high-PT Isolated I(s) > trigger
s Hadronic t ID (lh channel only)
s Central Jet Veto (CIV) > Sensitive to pileup
+ b-jet veto: against tt

@ Track-based “central jet veto” less sensitive to pile-up effects investigated

Calorimeter Based CJV
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Y qqH > qq

2 Both experiments developed techniques to get main BKG's shape
and normalization from DATA “control samples”

3 Z-> 1t mass shape dominated by E+-miss performance: TAILS
o Z->pp+jets with selection identical to SIGNAL one apart from E+-miss and m..

«  Then substitute "real” u with simulated ©

+ “Emulated"” sample used to predict Z-> tt mass shape and normalization
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0.181 R = E
E —e— Fuii-sim Emuiated Z»rr
0.18f . E
0.14fF oA E
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Additional CMS control samples:

QCD: Same-Sign vs O-Sign
for Ih events selected with
non-isolated leptons

QCD Mass shape derived
from data reversing lepton
isolation criteria

Other BKG's (1) Normalized
to inclusive cross-section
measurements and
extrapolated in signal region
with MC

Syematics on extrapolation
included

For exclusion systematics on
signal also included:
dominated by Jet Energy
Scale assumed to be ~77%
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Results from ATLAS:

Profile Likelihood method
applied to get expected sign.

Fit to
o M.

« "m,-Emulated”

s BKG "control samples”

Most of systematic
uncertainties translated into
statistical errors

For Exclusion signal sys from
experimental effects
(dominated by JES) added

About 50 fb'! needed to
cover the [114-130] mass

Expected Significance (.
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