European Physical Society

HEP 2011

ERS

Electroweak Brief Overview

and LEPT N
PHC TON

e
XXV International Symposium on 2 O l l
Lepton and Photon Interactions at High Energies

ional Organising Committe 22-27 August, 2011

B.S. Acharya (TIFR)
Sudeshna Banerjee (TIFR)
Sunanda Banerice (SINP) ’

Rahul Basu (IMSc) www.tifr.res.in/~Ip11
Debaiyoti Choudhury (Delhi Univ.)

Closing in on the Search for the Higgs Boson

Tata Institute of Fundamental Research, Mumbai, India

Ahmed Al (DESY) e Arthur McDonald (Qu
Guido Altarelli (CERN, Roma-111) e Naba Mondal (TIFR)
Barry Barish (Calech) o Aleandro Nisati (ATLAS)
Alessandro Bettini (Padova-Canfranc) e Sandip Pakvasa (Hawaii)
Michel Davier (Orsay) @ Rolandi (CMS)
Sally Dawson (BNL) e D.P. Roy (HBCSE)

Sunil Mukhi (TIFR) Dmitri Denisov (Fermilab) ® Probir Roy (SINP)
B. Mukhopadhyay (HRI) Rohini Godbole (IIS¢) o David Salizberz (UCLA)
P. Nagarsj (TIFR) Maury Goodman (ANL) e Subir Sarkar (Oxford)

Sudhir Raniwala (LNMIIT) T e e
Sreerup Raychaudhuri (TIFR) e
Amitava Raychoudhuri (HRI) 2 i
S.D. Rindani (PRL) IoAmne Hewett SLAC) o Christian Spirin
B, Satyanarayana (TIFR) Rolf-Dieter Hever (CERN) @ Sheldon Sto

Jashir Singh (Panjab Univ.) Young-Kee Kim (Fermilab) @ Atsuto Suzuki (KEK)
K. Sridhar (TIFR) Michelangelo Mangano(CERN). » Yoichiro Suzuki (Tokyo)
S. Uma Sankar (IITB) Joachim Mnich (DESY) e Geoffrey Taylor (Melbourne)

Marumi Kado

Laboratoire de I’Accélérateur Linéaire (LAL)
IN2P3, CNRS

Seminaire LAL 06/10/2011 1



Total Integrated Luminosity [pb™|

Two Years of Remarkable LHC operations

Glimpse at the Luminosity
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Re-discovery of the SM at LHC
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and Z boson production
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Closing in on the Higgs search
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Two Years of Remarkable LHC operations
The Pile-up (PU) evolution

2010 2011

O(2) Pile-up events (per bunch crossing) O(6) Pile-up events (per bunch crossing)
150 ns inter-bunch spacing 50 ns inter-bunch spacing

Collision Event at 7 TeV with 2 Pile Up Vertices
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Run Number: 177531, Event Number: 183764

Date: 2011-03-13 18:20:50 CET
Run Number: 152166, Event Number: 467774

Date: 2010-03-30 13:31:46 CEST

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

lllustration of events taken at random = S
(filled) bunch crossings —a;
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Events / 2 GeV

Data / MC

Two Years of Remarkable LHC operations
The Pile-up (PU) evolution

2010 2011

O(2) Pile-up events (per bunch crossing) O(6) Pile-up events (per bunch crossing)
150 ns inter-bunch spacing 50 ns inter-bunch spacing
Very small effect of Out-of-Time PU Important Out-of-Time PU

f Ldt=36 pb”’

- 25 PFE, CMS preliminary, 204 pb™
A 8 vertices 2011
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° 1 vertex fit 2010 y + jet

+6 GeV OOT pileup

_ 020 40 60 80 100120140160180200
ET** [GeV] photon q_ [GeV]
Very nice description from MC (ATLAS Far more difficult, relies also on the bunch
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The Higgs Hunt in the LHC Era...

2010 2011

Discussions on Tevatron
and First LHC results
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Preamble : Breakthroughs in Phenomenolgy

Several breakthroughs in the past decade have drastically changed the theory
prospective to the hadron collider processes.

- The “Next-to...” revolution :

- Breakthrough ideas in computation of loops (sewing together tree level amplitudes).
- NLO generators, blackhat, NLOjet++, Phox, MCFM, etc...

- NLO generators w/ PS, MC@NLO and POWHEG.

- NLO+NLL or NNLL, CAESAR, ResBos, HqT

- NNLO, FEHIP, FEWZ, HNNLO, DYNNLO

- NNLO PDFs sets

- Parton Shower (and Matrix Element matching) improvements :

Pythia (8.1), Herwig++, Sherpa and CKKW (1.3) and MadGraph (5.0) performing
very well (Including description of the Pile Up and the underlying event).

- The Jet revolution (Fast Jet) : Allowing to compute in reasonable time infra-

red safe k; jets.
Seminaire LAL 06/10/2011 6



The ATLAS and CMS Detectors In a Nutshell

Sub System

Design

15m

Magnet(s)

Solenoid (within EM Calo) 2T
3 Air-core Toroids

Solenoid 3.8T
Calorimeters Inside

Inner Tracking

Pixels, Si-strips, TRT
PID w/ TRT and dE/dx

opp /PT ~ 5 X 10~ 4pr @ 0.01

Pixels and Si-strips
PID w/ dE/dx

opy /PT ~ 1.5 X 10~4p & 0.005

EM Calorimeter

Lead-Larg Sampling
w/ longitudinal segmentation

og/E ~ 10%/vE & 0.007

Lead-Tungstate Crys. Homogeneous
w/o longitudinal segmentation

og/E ~ 3%/VE & 0.5%

Hadronic Calorimeter

Fe-Scint. & Cu-Larg (fwd) > 11X
op/E ~ 50%/VE & 0.03

Brass-scint. 2 7Ag Tail Catcher
op/E ~ 100%/VE & 0.05

Muon Spectrometer System
Acc. ATLAS 2.7 & CMS 2.4

Instrumented Air Core (std. alone)

opr /PT ~4 % (at 50 GeV)
~11% (at1TeV)

Instrumented Iron return yoke
opp/PT ~ 1% (at 50 GeV)
~ 10% (at 1 TeV)
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leading particle
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W and Z production Properties

Mostly with 2010 data (sufficient)

o : z
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Measurement of detailed
properties of the W and Z
boson production
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Properties of the W and Z Production

Simple and Clean Event Selection

CMS Experiment at LHC, CERN

CMS, /|| Run 133877, Event 28405693
Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Electrons p, = 34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c?

N\ \ Z(ee)

1/
PN

IZ .\ ... .. :

l' - —\~I.\

I~ %

- ’
-~ —

——Data 2010 (\'s =7 TeV) det 36 pb’
C [ ]z-

[Jz~ee ATLAS Preliminary

[Jacp

70 75 80 85 90 95 100105110115
Mee [GeV]

10*

s

Electron p = 35.6 GeV/c

| CMS Experiment at LHC, CERN
Run 133874, Event 21466935

Lumi section: 301
| Sat Apr 242010, 05:19:21 CEST

ME; = 36.9 GeV
My =71.1 GeV/c?

CMS prellmlnary
, ;
2 36pb at\F 7TeV 3
1 -
(
5 7 S I
[
o b Ha tud
S P R I .
50 100 150 200
M(u'w) [GeV]

Z selection:

- 2 OS Isolated leptons
- (pT>20-25 GeV)

ATLAS ~200 kZ (ee) / fb-

11



- W selection:

- p; lepton (pT>20-25 GeV)

- Loose cut on met
(or not cut at all CMS)

36 pb' at\s=7TeV

x10°
> T T
8 12F a) et
(@]
NI
—
w -
Qo 08
=
c 06F
L

0.4

ATLAS ~ 4MW (ee) / fb-" 02f
0
0 20
- Cross section measurements and W/Z Ratios
CMS 36 pb'at Vs=7TeV —_
L L L L I BRI B 2
NNLO, FEWZ+MSTWO08 prediction :
[with PDF4LHC 68% CL uncertainty] 2
10.44 + 0.52 nb +|T
S
o
W —ev Fe4 (a1]
10.480.03, + 0.17 _ = 0.42, . nb .g'*;
O
W —uv fo
10.18+ 0.03,,, = 0.16 = 0.41, . nb
W—lv (combined) toi
10.31£ 0.02,, = 0.13_ = 0.41,, . nb
PR [ T SR NN T SR SR [T SN ST TR N T S SN (N S ST SN Y
0 2 4 6 10 1

8 2
o(pp = WX ) x B(W = v) [nb]

| | | | | |
p. > 25 GeVic b) e~
| < 0.4

® data

[0 wt—= ety
B Ewk+t
B QcD

p, > 25 GeV/c T

Il < 0.4

® data

COOw sev
B Ewk+E

[ QcD

- Measurements in excellent agreement with the NNLO prediction (FEWZ)
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W Charge Asymetry

- W charge asymmetry (x1.4 more +) : ATLAS Preliminary
f Ldt=3336pb’
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Jo Jo
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W Charge Asymetry

- W charge asymmetry (x1.4 more +) :

0o +_&_0 _
%(5) an(“

A, =
%4y + 2% (1)
on on

- Constraining PDFs... Already constraining u, d,
gbar by almost 40%

1.3

- NNPDF2.1
1.25¢
g D NNPDF2.1 + WASY CMS 30 GeV cut

(M. Ubiali, LHC EWK Workshop, Apr 2010)

N\ \\

0.3

0.2

0.1

0.3

Lepton Charge Asymmetry

0.2

CMS 36pbt at \s=7TeV

a) pTe' "> 25 GeV/c

errors: stat @ syst

— — MCFM + CT10W
=t MCFM + MSTW2008NLO

theory bands: 90% C.I.
I L L L L I L L I L L

b) pTe' “>30 GeV/c

0.1 frmemme
: [ I I I ] [ I ] e
| I I I I I ] M
] ] ] 1
0 1 2
Lepton Pseudorapidity Il
<€
(From the NNPDF group)
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W and Heavy Flavors

- Makes it a probe of strange content!

the W,Z H to bb analyses!

- W+Heavy flavor is dominated by Charm

- Need vertex mass to disentangle the W+b

These are very important control samples for

50_ LI LI L LI L LI LI LI L B =
45 ATLAS Preliminary '; &alt: 2010,\8=7 ToV -
- + 3
40F- Electron| + 2 Jets ] Wae E
a5E- [ W-ight =
E B QCD E
30 — :
o5E- [ Single Top E
E B Other EW :
20F- . =
155_ Ldt=35 . E
: +2 jet

3 - 5

6

Secondary Vertex Mass [GeV]

number of events/0.24

6(W=s Iv +> 1 b-jet) [pb]
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: T T T I T T T l T T T I T T :
90;_ 36 pb! at \s =7 TeV E
80 -

- ® Data |
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60F [ Jw*+light o
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: 1 l 1 1 I l L :

% -4 -2 0 2 4 6
DSSVHE
 ATLAS Preliminary Data 2010,Vs=7 TeV |

- ——— Electron Channel 1
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- ———— NLOS5FNS 7]

M e, ALPGEN + JIMMY (b-jet from ME and PS) f ]

I ALPGEN + JIMMY (b-jet only from ME) ]

10 B - PYTHIA T _]

R ) L S 1

oL | ! ]
1 jet 2 jet 1+2 jet
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Diboson Studies
The ATLAS Summary

l
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ATLAS Preliminary
fL dt =§o.035 - @.04 b’
\s=7TeV.

= Theory _
- m Data 2010 (<35 pb’)
-0 Data 2011

AR {071
: i : : 1o

Measurement of di-
boson production
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Measurement of DiBoson Production

-Challenging analyses, extremely important in understanding the backgrounds to the search
for the Higgs in diboson channels.

- Starting to gather a conspicuous amount of diboson events...

-Important to study anomalous Triple Gauge boson Couplings (TGCs)

-WW (Inln) Channels :

_ > e L
! : 8 160 - ATLAS Preliminary E \l/)ve\a/tva_ SVl =

2 g [ Drell-Y: ]

Cut ATLAS CMS T igoffLa=102m Ns=7Tv  Eiop =

2 o = Diboson .

t-channel & 120— E Wijets/Dijet .

Lead Ip (GeV) 25 20 > - _+_ stat+syst .
. T m = -

! 100 — =

i C i ]
Trail. | p; (Gev) 20 10 80— _*_‘ E
MET 25-45 30 a3 E

q I 40 :_ gzl _:

Jet-veto v v o 2 -
s-channel = 15E + E

T 15 —+—+_._—+——+—_+_—+—+—»-+— 3

B-veto v § 05E + —+— E

00: 20 40 60 80 10 120 140 1%0
PT(Ieadmg lepton)[GeV]

Typically ~400 events
Purity ~60%
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- WZ (3lv) Channels :

Cut ATLAS CMS
Lead. | p; (Gev) 15 20
Trail. | p; (Gev) 20 10

MET 25 30
Second Z Veto v

W - M, v

- Good compromise statistics

and purity :

Typically
Purity

~80 events

~90%

CMS Preliminary 2011 \s=7TeV
> : T T T T I T T T T I T T T T I T T T T I T T T I T T T :
g - Ldt=1.09fb' -
© 60— ]
o YL 4Data  @W+lets
- F mVV B ]
g S0 — BZ+Jets [ JWZ—-3lv
5[4 z
0 40 —:
30 =
20 ]
10 N
() . ’-h T = N N W TR T N N Y SO S :
0 50 100 150 200 250 300
MET (GeV)
q v q v
w+ l [
t-channel q s-channel
l l
Z()

q l q ]
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- ZZ(4l) Channels :

- Essentialy background free channel (allows for
lower p; cut on leptons)

t-channel

Cut ATLAS CMS (,
Lead. | p; (Gev) | 15 (u)-25(e) 20 |
Trail. | py(ev) | 15 (u)-20(e) | 5(w)-7 (e) Not e’éi;lte”t in
Z Window (Gev) 25 30

Typically ~10 events (bkg negligible)

- In this case both Z are on-mass shell CMS Preliminary,\/s=7 TeV, 1.1 fb"
L IR L B DL B

| LA A WL AL ae ) T T T T T

$°° ATLAS Preliminary .+ Data2011 | L7 )
o . e <
%180_ ré '_"."”"_”y D Zzata ] % Al e DATA |
S o g © Hzz- a4
2 b R det-=1.02fb' \s=7TeV - 8 5L ]
§ - @ - Predicted BG in signal region:z E .z + lets
E S e R €
L ] 5K SRR R N L 7 q>_)
80:- -. --------- ?. . ofle ¢ ¢ & o ....... . . m
60%— Sig_nal Region —:
40 60 80 100 120 140 160 180 200
Subleading Z Mass [GeV]
- CMS : Performed a 2|2t analysis (1 event P00 200 300 400 500 6002
observed and 2.2 expected with purity of ~60%) M, (GeV/c?)
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Results :

_ WW W<Z L7
Cross Section (pb)

ATLAS CMS ATLAS CMS ATLAS CMS

Exp. Total 46 43 17.2 20 6.5 6.4
Measured 48.2 55.3 21.1 17.0 8.4 3.8
Stat. Uncert. 4 +3.3 1.2 +2.4 1+0.6 +1.5
Syst. Uncert. 6.4 6.9 +0.9 +1.0 +0.3 +0.2
Luminosity 1.8 3.3 0.9 +1.0 0.3 0.2

- Good agreement between measurements
and NLO prediction.

- Interpretation in terms of anomalous TGC’ s :

- Already stringent limits on anomalous TGC

- Many other diboson results not show here
(in particular in final states with photons)

I T T T 1 | T T T I T T T | T T T | T T T |. | T T T ]
ATLAS Preliminary [ ATAS. JLat= 102
B \s=7TeV, A= —
i - .
£ ATLAS, | Ldt = 1.02 b
» : \NS=7TeV, A= 2 TeV
Wi LEP. [Ldt =700 pb™'
fz \s= 130~209 GeV
£ DO, l.Ldt =11
L : i |
V5= 1.96 TeV, A= 1.2 TeV
2 e
2z A. Oh's talk
o .Oh's ta
f~Z1 95% C.I. i
I | | 11 | 1 1 11 I 1 1 1 1 i | L1 1 I | 11 | | 1 L1 | I
-1.5 -1 -05 0 05 1 1.5
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From Standard EW Process to the Higgs Production
The CMS Summary

7o) | | | | | | | 1

[o) - | | leptonic final state (I = e,u) B

- . o Theory E

-_.C:,) = [ ] CMSs*err,,, =

8 102 é— - Z ——" CMS + erreXp + errthec‘ —:gi
n = | 1 Theory at NLO
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e 1 o] —

& = i =

c 107 = | -

_g s = | s A

- e — =
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I A ’ hy Ty vy, < iy < iy 750\»22
v iy
|

Measurement of di-
boson production and

Higgs searches
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4 u event ... Standard EW only or Higgs?

. EXPERIMENT

Run Number: 183081, Event Number: 10108572
Date: 2011-06-05 17:08:03 CEST
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The Main Production Modes

Data driven background estimates legitimate use of NNLO cross sections!

T T T T T T T

\s=7TeV 7 - Gluon fusion process :

H

Dominant process known at NNnLO

LHC HIGGS XS WG 2010

L1 IIIIII|

However rather large TH uncertainty* ~0(15%) due to the
large corrections for gluon initiated process

| II[III|

1000

200 300 400 500
M, [GeV]

* TH uncertainty mostly from scale variation and PDFs, 80 pp.,s~8-10% and 80 ¢~ 7-8% 24/71
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The Main Production Modes

Data driven background estimates legitimate use of NNLO cross sections!

\s=7TeV 7 - Gluon fusion process :

H

LHC HIGGS XS WG 2010

L1 IIIIIII

| IIIIII|

1000

200 300 400 500
M, [GeV]

* TH uncertainty mostly from scale variation and PDFs, 80 pp.,s~8-10% and 80 ¢~ 7-8%

Dominant process known at NNnLO

~100 kEvts produced at 120 GeV

25/71
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The Main Production Modes

Data driven background estimates legitimate use of NNLO cross sections!

\s=7TeV 7 - Gluon fusion process :

H

Dominant process known at NNnLO

LHC HIGGS XS WG 2010

L1 IIIIII|

~100 kEvts produced at 120 GeV

| IIIIII|

- Vector Boson Fusion :

wZz

!
4‘
<

#  known at NLO TH uncertainty ~O(5%)

Wz

Rather distinctive features w/ two

1000 conspicuous forward jets and a rapidity gap

200 300 400 500
M, [GeV]

* TH uncertainty mostly from scale variation and PDFs, 80 pp.,s~8-10% and 80 ¢~ 7-8% 26/71
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The Main Production Modes

Data driven background estimates legitimate use of NNLO cross sections!

\s=7TeV 7 - Gluon fusion process :

H

Dominant process known at NNnLO

LHC HIGGS XS WG 2010

L1 IIIIIII

~100 kEvts produced at 120 GeV

¢ - Vector Boson Fusion :

wZz

| IIIIII|

#  known at NLO TH uncertainty ~O(5%)

Wz

Rather distinctive features w/ two

200 300 400 500

1000 i i idi
M, [GeV] conspicuous forward jets and a rapidity gap
; u - Associated Production with W and Z :
>A?A< known at NNLO TH uncertainty ~O(5%)
a 7 Very distinctive feature with a Z or W decaying leptonically

- Associated Production with top pair:
known at NLO TH uncertainty ~O(15%)
Quite distinctive but also quite crowded

* TH uncertainty mostly from scale variation and PDFs, 80 pp.,s~8-10% and 80 ¢~ 7-8% 27/71



Decay Modes

Pure Branching Fractions

- The dominant b-decay channel

Huge backgrounds, needs distinctive features at
production level and beyond... Associate production

W,Z H and Boost!

- The Tt channel

Also needs distinctive production features, typically
VBF. Can also be done inclusively, especially since
the NEW MASS RECOSTRUCTION techniques

» 1
O
—
©
} -
(@))
£
-
2
c 10
 —
o

102

L L T 1T

T

1

LHC HIGGS XS WG 2010

Il

100
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200 300

500 1000
M, [GeV]
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Decay Modes

Exclusive Modes Cross Sections

- The dominant b-decay channel — 10¢ . . ———3 =
a f _ eI
Huge backgrounds, needs distinctive features at 'E' - \'s = 7TeV SM 1a
production level and beyond... Associate production oM 1__ - __ §
W,Z H and Boost! é = WW — Fveg EE
- The Tt channel 10 D WW = IVIT N
Also needs distinctive production features, typically - 77 %m- N :
VBF. Can also be done inclusively, especially since 4 -
the NEW MASS RECOSTRUCTION techniques 10‘25— 27 — T E
- The yy channel A& 27 P )
Dominant Channel in the very low mass range. Small 10 = VBFH- 1t |l=e,u %
branching but sizable yield. Very distinctive - vy V= Veavw\ér -
signature on its own. 104 . _g=udsc
100 200 300 400 500
- The WW Channels MH [GeV]

- Dilepton (InIn) channel is dominant in the low mass (very poor mass resolution, essentially counting experiment)
- Semi leptonic (Ingq) largest event yield effective at large mass where the background is smaller.

- The ZZ Channels

- 4-leptons : “Golden mode” smallest event yield but large s/b ratio
- semi-leptonic (llqq) larger event yield but also much larger background (make use of the large branching Z in bb)
- 2-leptons 2-neutrinos (linn) : Best compromise yield/purity. Dominant channel at high mass

Seminaire LAL 06/10/2011 29/71



Production Modes and Decay Channels

Channel ggF | VBF | W,ZH | ttH
Y v v v e
TT 4 4
W,Z H (bb) v
ZZ (1) 4
0-jet v
(\I/i//:/\\//) 1-jet v v
VBF 4 v
WW 0-jet v
(vaa) | 1jet /
ZZ (llvv) v
ZZ (lltT) v
ZZ (llqq) v

Take home message : - Mostly ggF analyses
- VBF important at High Mass (caution with the Higgs width)

Low Mass :
Challenging Range

110 -150 GeV/c?

Intermediate :

Wide Range
110 - 600 GeV/c2

High Mass : Larger
contribution from VBF
200 - 600 GeV/c?

Not theory difficulties above
500 GeV/c?



Analyses Preparation

Common LHC efforts to agree on non consensual issues :
- Common effort LHC-wide to compute cross sections and branching ratios and...
- Use common standard model input parameters (NNLO signal cross section)
- Common strategy on correlated systematic uncertainties (scale variation, PDFs, o, etc...)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

- Common effort to define statistical methods to derive limits and quantify an excess
Important to allow an efficient subsequent ATLAS-CMS combination

The Projections of the Higgs Searches as Guidelines for Chamonix Workshop

gi ! n ! J 10 : o : S ' @7 TeV ]
2% 10 — < [ CMS Preliminary: Oct 2010 = —2m'@7Tev ]
5 K i B Projected 95% CL Limit on o/og,, 2™, @8Tev
o [} c SM - --e5fb7 @8 Tev
2 - e 5 : ]
= 1 - ........‘.,......_.._n_.._.._..-.“,._.'.:..T.:.:-.“._....._.._.._..#._.._.u_..n-.'..'.::.n.-..'..'.:.'. ................ = b —
e O - E
- - 3 I
<1 - } o 1
S— B —— H—WW | ®]
—— H— 4l o
3 107 \s=7TeV  ATLAS Preliminary 12w . N
f’,\: - (Simulation) o it - @
~ ~= H—1t .
@ i f L dt=1 o o, Copones |
=20
10'2 L L I 1 L 1 L | Il 1 L Il | L ! Il L ! ! Il | 10_1 : : Lol :
100 200 300 400 500 600 200 300 400 500

samdSeV) | AL 06/10/2011 Higgs mass, m_ [GeV/q?]



95% CL limit on o/og,,

Channels Overview

The Complete ATLAS Picture

— Exp Obs. Exp Obs. E
I N R H—yy (1.08fb") ====. H— ZZ— Il (1.96-2.28fb™) _|
I N T H— WW— Ivlv (1.70fb™) oo H— ZZ— liqq (1.04 fb™)
-------- = W/ZH,H — bb (1.04 fb™) H— ZZ— Ilvv (1.04fb™)
— H—tt (1.06 fb™) —
10 =
= =
| ATLAS Preliminary f Ldt~1.023fb", ys=7Tev CLs limits _
100 200 300 400 500 600
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95% CL limit on o/o,,

Channels Overview

The Complete CMSPicture

?a,

-
o

CMS Prellmlnary, \/5

~ -
..........
e L L LT L T L
.....

1

1 1 1

7TeV .

Combined observed
Combined expected
H— bb (1.1 fb“1)
H— T (1.1 fb‘)
H— yy (1.7 fb p
H— WW (1.5 fb7)
H— ZZ — 4| (1.7 fb™)
H—-2ZZ—2l2¢ (1.1 fb")
H—ZZ — 2| 2q &1.6fb‘;
1.6 fb™’

ZZ——2|

Aol lAAll

R

200

300

400 500 600

Higgs boson mass (GeV/c?)
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Channels nano Review

Channel (\k/):i) Jets (l(\s/leEJ) Shape M(E:':\/R/ir;;ge Main backgrounds
YY M., 110-150 YY (from sidebands)
TT v v M., 110-140 Z from data driven methods
WH v 2 M, 110-130 Top (3j - high M,,) and W+jets (low M, )
ZH v 2 My, 110-130 Z+jets (low M,,)
0-jet 0 >30 110-600 WW (control region M)
(\IIXIV\\//) 1-jet veto 1 >30 110-600 Top (from reverse btag) and WW (M, CR)
VBF* veto 2 >30 110-600 Top from CS
WW** 0-jet 0 >30 Muww 200-600 W+jets (sidebands)
(vaa) | 1et | veto | 1 | >30 | My, | 200-600 Wi+jets (sidebands)
ZZ (I1) IP M, 110-600 ZZ (from MC), Z+jets and top (CR)
ZZ (lltt)* M, 200-600 ZZ (From Z - data)
ZZ (llvv) v >30 M, 200-600 VV(from MC) and top (MC and checks)
ZZ (llqq) v 2 <50 Miigq 200-600 Z+jets (from MC) and top (from MC)
* CMS only / ** ATLAS only »
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Intermediate
& Wide Range Channels

= 1]
%) L ]
o) — ]
5 [ - WW (Ivlv) -
(@) - _
= - 27 (IIII)

= 10 — ]
| — _]
@) — ]
<0 N N
O — _
o B a
(= =
:ATLAS Preliminary fL dt~1.0-2.3fb”", {s=7 Tev CLs limits :

100 200 300 400 500 600

m, [GeV]
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Intermediate
& Wide Range Channels

; 350 1 L] [ L Ll L l L 1 L] I L L Ll I L 1 L] l L] L T I ] 1 1 I L]
é - Perturbativity bound
= | Stability bound

300

.| Finite-T metastability bound
B Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors

h=2x

250

200

lllllllllllllllll

Tevatron exclusion at >95% CL

Illllllllllllllllllll

150

llll

— LEP exclusion
- at >085% c:;//////———-—,
100 T e T e A

4 6 8 10 12 14 16 18
log, (A/GeV)
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Intermediate
& Wide Range Channels

=~ 350

8
= 300
250
200

The desert still
valid — 150
hypothesis?

100 |

L) L] I L] Ll T I 1 1 L] l L] Ll L I L 1 L] ] Ll L] Ll I L Ll 1 I L]

- Perturbativity bound

| Stability bound

[ ] Finite-T metastability bound
B Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors

h=2x

lllllllllllllllll

llllllll]lllllllll

— LEP exclusion

- at >85% CL_—_/""_,;?—
- -— i —

=

16 18
log_ (A/GeV)
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Entries / 4 GeV

Data/MC

Higgs Boson Search in the WW—lvlv

Key features :

- Not a search for a mass peak : Counting experiment only!

- Search carried out in 0, 1 and 2 (VBF — CMS only) bins in numbers of jets
- ATLAS cut based only / CMS cut based and MVA (EPS only)

- Good control of the WW and top backgrounds is essential!

109"'I"'I"'l"'l"'l"' T

e Data SM (sys& stat)

108 ATLAS Preliminary

- ww [ WZZZWy
107 Vs=7TeV, | Ldt=170fb" Cli [ Single Top
1 06 H-WW-oevey [ Z+jets [] We+jets

[ JH[50)

2: -----------------------------
C [ ]
15 bt
1 '..’. 'i‘% %} i% I{ } 0]
' el

055
0 20 40 60 80 100 120 140 160 180 200
EMS [GeV]

rel

Entries / 4 GeV

Data / MC

 ATLAS Preliminary

. Data = SM (sys @ stat)
B ww [ wzzzwy
Vs=7TeV, [ Ldt=170f" i [ single Top
H-WW-oevuvy B z+jets [] Weets
[ H[150]

»,. 5 i;i; 2334 3&5[ i *;f IH;

it

Data /MC

0.5 I
0 20 40 60 80 100120 140 160 180 20

Entries / 4 GeV

ATLAS MET distribution (not as easy as in the 2010 data!)
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182 'A'T'L'A'é#'réf.rhiﬁér'y”‘:'Dma' ;wz‘iém’ :
wWw
107 Ns=7TeV, | Ldt=1.701b" O« |:|S|ngIeTo;
s E HoWWopvuy [ Z+jets [] W+jets
105 [ H[150]
10
104
10°
10?
10
1
10
[
2: vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv T TT
1.5 o
{Bes Y *MI,MH IL4 |9
E e sesae net 3t MIHTYTETH] T" |
055 — ]
0 20 40 60 80 100120 140 160180 200
Efrer [GeV]
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Higgs Boson Search in the WW—lvlv

Key features :
- Not a search for a mass peak : Counting experiment only!
- Search carried out in various bins in numbers of jets
- ATLAS cut based only / CMS cut based and MVA (EPS only)
- Good control of the WW and top backgrounds is essential!

- Use of spin correlations is essential for the analysis and to define
control regions...

@ T T ] L @ 4F T T ]
o - ecata [ Zies  CMSpreliminary | @ | e data [ Z4ets  CMS preliminary
Ny . D 60 —m=160  top L=155ib" — D - — ms=160  top L=1551" 1
ys % I 8 '
spin 12 WO n
ﬂon‘l () - -~ -~
- -\ (2] [70]
(H) ; 2 2
~~~ spin 0 Y = =
W p S g 5
‘//spnl N
v/
// spn 12
\
G
//spcn 12
0 50 100 150 0 50 100 150
A ¢ [degrees] A ¢ [degrees]
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Higgs Boson Search in the WW—lvlv

- ATLAS 0 and 1 jets ( after topological cuts (m”, p;", Ap")

Reconstruct the transverse mass m; and apply the cut 0.75xm_ <m;<m,

- CMS 0, 1 and VBF (2-jets) and specific cuts for each mass hypothesis (m’, p;", A’ M)

Entries / 10 GeV

Data/ MC

mr = \/(Erlf( + E}Il‘liss)z _ (PfIf‘ + P}fliss )2

ATLAS Preliminary

H-WW=lvlv + 0 jets

+

IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

\s=7TeV, | Ldt=1.70fb

T T T
e Data == SM (sys@®
, Eww EWZZWy

O= [ single Top

[ Z+iets [] W+ets (data driven

[] H[150]

0-jet

T
stat)

N1 TR IRTR1 INATI ATRTA INTRI ATRTA INTRINOORAN

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

Illll IIIIIIIII
—

.....

(o]
o
O_L
~f
o_.
o
—
N
o
—
N
o
—
(o]
o
—
m_
or
N
o_.
or
N
N_
or
[\)_
B
ofl,

Entries / 10 GeV

Data/ MC

18
16

141

= ATLAS Preliminary
E \s=7TeV, | Ldt=1.70fb"

=
{
=
=
!
<
=
+
T

III|III|lII|III|III|III|III|
] —+_

LR B i o B o
e Data == SM (sys @ stat)
 Eww EWZZWy
(K [ Single Top
[ Z+jets [] W+ets (data driven)

[] H[50]

0. I IR S i i il i S B S A A i
610 80 100 120 140 160 180 200 220 240

Swi[r@é'gﬁ LAL 06/10/2011

M, [GeV]
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A Word on Control Regions

rC.R. _ Nj, -uc"
Adata —QXAdata’ o= A .
MC'
- WW : From side bands in M, - Top : b-tagging CS (MC for CMS)
> AL BLELALEY BLNLELA B WAL P AU LRI BRI BRI R > - ! ! ' L ! ! ! L ! E
ATLAS Prel _ - 4
$10? +D§tarEImlrEyH—>WW(mH=17OGeV)§ é - ATLAS Preliminary 1
=) \s=7TeV DW+jets  [Dtop 1 = 25 _¢-Data [ W+jets 7
=~ 4 | ww 3 Zy+jets 7 % n t ]
2 10 ILdt=35pb 8 W2zzWy 4 E - [_]top Bl wWw .
£ E S 20F W Zy+jets Bl WZ/ZZ/Wy -
w ] C N
1 _ 15F \s=7TeV =
; : | J.Ldt =35pb"’ 7
= 10 g -
10° - ]
5F + -
102 C ]
0 20 40 60 80 100 120 140 160 rﬁ%es?o 020 40 60 80 100 120 140 160 180 200
. " P2 [GeV]
- Wtjets : Loose ID on second lepton - Z+jets : ABCD method in M, MET plane
£ "ATLAS Préliminary '] > 10— T T
s 50 e e 170 e 3 © ATLAS Preliminary
— s op +jets{Norm. to a) A
S [ mmww B Zy+jets J‘Ldt 3spb © 107 * Data WZ-mn
- WZ/ZZ/WH = ] %) 3
£ 4op — ‘ . g Vs =7TeV:
3 E 5 S 10 Ldt =35 pb"—g
30 - :
: ] 1 <
20 3 :
10 E 107
-2
% 50 100 150 200 250 300 10°%"""200 400 600 800 1000 1200

i [GeV
m, [GeV] M [GeV]



95% CL Limit on c/cy,,

—
(@)
N

I IIIIIIII
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o

T T TTTTI

10

Higgs Boson Search in the WW—lvlv

~ ATLAS Preliminary
— Observed
---- Expected
[]+1c

[ ]+20c

T IIIIIIl

||II|IIIIIIIJ|

LI L

ClLs Limltsl
H-WW vy

1 IIIIIIII

J-Ldt= 1.7 fb’
\s=7TeV

| IIIIIII|

| IIIIII]

95% CL Limit °“°/°sm

iy
o

TTTT IIII|IIII|IIII|IIII|IIlI|IIII|IIII|IIII|IIII

N W & O O N o ©

H— WW — 2I2v + 0/1/2 jets (CLs)

2
=)

95% CL exclusion: median
[ 95% CL exclusion: 68% band

95% CL exclusion: 95% band
—=— observed

1.55 fb-"

Main differences between ATLAS and CMS :
- Electron/Muon minimum pT requirement (ATLAS 25/15 GeV/c and CMS 10/10 GeV/c)

- Use of the VBF (2-jet) category in CMS
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Higgs Boson Search in the WW—lvlv

& | cMSPreliminary,Ns=7TeV |- Observed |
= UL PR N UL L L L L B O - . -
0”102 ATLAS Preliminary CLs Limits \b H—>WWL =15 o IR Expected = 1o
© = ) = N %
s — Observed HoWWH—iviv 3 s 10 ' Lo Dxpected= 2o
= | ---- Expected J-Ldt= (7" - F
= [J+1o S 7 ToV =
i \s=7Te _ =
3 10E [ ]+20 E ]
2 - . @)
S [ TR
L - (o)
0
1:—- ------- ' l‘{. ------------------ e T LL LTI — O) 1
10‘1IIIlllI[llIIllIIIllllllllllllllllllllll
120 140 160 180 200 220 240 260 280 300 ; : !
mH[GeV] L L lllllllillllll‘lli'llll'lllillljillll
100 200 300 400 500

Higgs boson mass (GeV/c?)
Main differences between ATLAS and CMS :

- Electron/Muon minimum pT requirement (ATLAS 25/15 GeV/c and CMS 10/10 GeV/c)
- Use of the VBF (2-jet) category in CMS

- Mass Range investigated (in CMS up to 600 GeV/c?) -



Higgs Boson Search in the ZzZ")—4|

“Golden Channel”

- Difference with the cross section : one Z allowed to be off-mass shell (m,, < 180 GeV)

- p1 thresholds similar for ATLAS and CMS
- Main Background ZZ from Monte Carlo (ATLAS) and derived from Z (CMS)
- Other backgrounds (Zbb and top) data driven (but small)

FTTTT | T TTT | 1T TTTT = C ] T T T ] T T T ] T T T ] T T T ] T T T ] _]
230 ATLAS Preliminary 7 20 ATLAS Preliminary E
o [Hozz0-a . 2 18 Ho2z" 4l -
2250 Ldt=1.96-2.28 b = 5160 Ldt=1.96-2281b E
® [Vs=7TeV ] S [Ns=7TeV ]
WooL * DATA ] o 14 * DATA e

- zz" | 12F-[zz" -

15)-[]tt.2bb,Z I . 10;_th,ZbE,Z ]

E | 81 =

100 E o l €
5 . ‘F . E
C. ,".-’T | 1 Lo bl OT ' — | | s | ]
05 80 85 90 95 100 105 110 115 20 40 60 80 100 120
m,, [GeV] m,, [GeV]
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Higgs Boson Search in the Zz(")—4]

“Golden Channel”
- Difference with the cross section : one Z allowed to be off-mass shell (m,, < 180 GeV)
- p1 thresholds similar for ATLAS and CMS

- Main Background ZZ from Monte Carlo (ATLAS) and derived from Z (CMS)

- Other backgrounds (Zbb and top) data driven (but small)
FWHM@130 GeV 4.5 (4u) and 6.5 (4e) FWHM@150 GeV 3.8 (4u) and 6.3 (4e)

CMS Preliminary 2011 Vs=7TeV L=1.661"
.} T T L I T L T L ) ¥ T T ¥ I T +

> F o IDIA'll'AI o r J [T I
© [ Signal (mH=150 GeV) 3 [0)] N ) ]
% 8- Il Signal (m =220 GeV) 3 O 5 P .Zﬂets E
g 7;_ [ Signal (m =480 GeV) x 2 _E % - .ZZ ]
- [Ldt=1.96-2.28 fb" ] @ [ m,=200 GeV/c?
5t Us=7TeV E 3l Il m,=140 Gevrc®]
4 s = I ]
35— ) i 2 :-— -
N :
el ¢ - ks E
E I I | | I 1 1 I 1 _I | | | . L, ;
‘POO 200 300 400 500 600 qOO 200 300 400 500 600

GeV
My [GeV] M, [GeV/c?]
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95% CL limit on o/oSM
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S N B OO O

Higgs Boson Search in the Zz(")—4]

- A A
A O ©

ATLAS Preliminary
Hos 22"~ 4]
[Ldt = 1.96-2.28 fb”"

\s=7 TeV
— Observed CL
...... Expected CL .

M+1c
[ 1+20

T T T I T T T T | L T | L T T T T

oo b v b o by
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il ‘% 15
13
] [ -
. (@)
£ 1
|
@)
R
Tp]
(@)]
- 5
|
500 600 q

CMS preliminary 2011

1.66 fb at\s =7 TeV

I

CL; Observed Limit

Main differences between ATLAS and CMS :
- ATLAS larger integrated luminosity
- Electron/Muon minimum pT requirement (ATLAS 7/7 GeV/c and CMS 7/5 GeV/c)

- Efficiencies/resolution differences ... (?)
Seminaire LAL 06/10/2011

_ ------- CL; Expected Limit ]

— - CL; Expected = 1o i

d [ ] ClLgExpected=+ 20

00 200 300 400 500 600
M,, [GeV/c?]

46



95% CL limit on o/og,,

High Mass Channels

- - WW (lvaq) i

- - ZZ (llvv) -
10=- ZZ (llqqg,bb) =
E - ZZ (IlTT) .......................... E
L S E
| ATLAS Preliminary [Let~1023m7s=7Tev CLs limits _
100 200 300 400 500 600
m, [GeV]
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High Mass Channels

The Higgs Search Exclusion before LHC

Tevatron Run Il Preliminary, L < 8.6 fb"

> ~ LEPExclusion ~ Tevatron
210 SR o Exclusion|
E .................. : )(P:N
5 e é
-l L M +25 Expected
O
N
3 (N ]
1
(——Tevalon Excluswn duly 17,2011
100 110 120 130 140 150 160 170 180 190 200
m,(Gev/c?)

SM Higgs excluded @ 95% C.L.
156 < m, < 177 GeV obs (148 < m,, < 180 GeV exp)
100 < m, < 108 GeV obs (100 < m,, < 109 GeV exp)
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Higgs Boson Search in the ZZ—llvv

Key features of these analyses :

Events / 5 GeV

Data/MC

- llvv almost no mass resolution

- Low backgrounds but good resolution and modeling of the MET necessary

108 k- ATLAS  \s=7Tev . DatalLdt: 1.04 b
5 6 H—ZZ - livy Total Background
10 - Z
------ ZZ WZ WW
10 % e Top
Other Backgrounds
1 03 ——— Signal (m_ = 400 GeV
10°
10
1 g t T
. hﬁui.&.-l =
1.2} - B}
s 8 S :
: NP P S S B BRI S ]
0 50 100 150 200 250 300 10

ET'® [GeV]

CMS preliminary,\Vs=7TeV, 1.6 fb™'
YIYTITYIIII!II]!_H'”‘(W&V)

L Top

Il ww

vz

o zz

Z+Jets (Data)

~—e— Dimuon events (Data)

10°

10°

10°

10

Events / 10 GeV

1

0 50 100 150 200 250 300 350
MET [GeV]
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Events / 50 GeV

Higgs Boson Search in the ZZ—llvv

After analysis cuts (M,, b-jet veto, MET, A¢,) in both ATLAS and CMS

L L L L L L L e
ATLAS plot for approval .

H— Ivv o data|Ldt=1.04f" 3

Total BG = §

-------- Top . ()

-------- ZZ,WZ,WW = O

RE—al . S

B Signal (mH=380 GeV) -

. )

_______ = c

- o

Z >

——— _: w

200 300 400 500 600 700

m; [GeV]
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CMS preliminary,\Js=7TeV, 1.6 fb™
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o L [ iggsss0Gew) |-
10 — o -
: e ]

[ —— Top/WW (Data) ]
8:- ) ORI S Z+Jets (Data) I
: 1 : | —— Dimuonevents (Data) |-
6 | . -
i+ . JTI.. J :
2:__5.} I A -
- I | : ‘ ]

- 2 e 1 ]

200 300 400 500 600
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95% C.L. limit on o/og,

Higgs Boson Search in the ZZ—llvv

1 4 jL I L I L I L I T TT I L I 1T 17T I L I L Jt 3 | I LI B | I L I T l L I T I LI B B ] LI B B I |
- —e— Observed ATLAS Preliminary 12 .
12 e Expected 1 1 0= i
- Ldt=1.04fb ,Ns=7TeV -
o, E= o J TRV 3 S g E
F [ =20 H—>ZZ—lvy 1 1+ F E
- = N - ]
8 1 N0 |
of E |
- 1 £ 102 sMHzzo 2y, 160"
B . 14 m e upper limit, expected
4 - m - I upper limit: expected + 16
= . X B upper limit: expected+ 2 ¢
- T T B —— upper limit: observed R
2r 1 © . #88 0,,x BR(H — ZZ - 212v), SM -
O B I | I I | I I | I I 111 I | I I L1 11 I | I I 111 I ] 10'3 I | N I 11 1 1 I 111 | I 11 1 1 I L1 1 1 I 11 1 1 I 1 11 1 I
200 250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 6(%0
Higgs mass, m [GeV/c]
my [GeV] H

Main differences between ATLAS and CMS :
- CMS larger integrated luminosity.
- ATLAS shape analysis and CMS counting experiment.
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Higgs Boson Search in the ZZ—llqq, llbb

Key features of these analyses :
- [lvv almost no mass resolution important normalization of backgrounds
- llgg Control :
- Analyses in 0, 1 and 2 b-tag categories (control of b-tag efficiencies)

- Control of background shape

S 40P 5 d e U RS AR RN RN R 4 U AR IR LR IR
2 - ATLAS Preliminary o data[Lotctosn’ ] - ATLAS Preliminary o caafLaios
120__ B signalx 10 ] 3.5 Signal (m =400 GeV)

L‘C\l) - (m =400 GeV) . - I Signal (m, )]
~ 1 00— — Total BG ] 3 :— — TolalBG _:
2] n —z ] C —Z 3
= - — top ] 2.5F —top =
I.% 80 —— Diboson ] - —— Diboson ]
- ] 2 + =

601 . - :

- . 1.5 ]

40 . g :

: ] = i + + =

20 . - -

C ] 0.5F -

0o— e NCL SR . |—:||:|:|_IJ—I i W= | 1

= i il o] B [l =y P | o T R
100 200 300 400 500 600 700 800 900 03555007300 200 200 600 700 800 900
my;  [GeV] my [GeV]

1ljj
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Higgs Boson Search in the ZZ—llqq, llbb

Key features of these analyses :
- [lvv almost no mass resolution important normalization of backgrounds
- llgg Control :

- Analyses in 0, 1 and 2 b-tag categories (control of b-tag efficiencies)

- Control of background shape

CMS Preliminary 2011, 1.6 fb' \F 7 TeV CMS Preliminary 2011, 1.6 fb' \J‘ 7 TeV CMS Preliminary 2011, 1.6 fb‘ \s=7TeV
T o R I I I I B B T e I I I I I B e L o L I I I R
8 2205— —— Sideband Extrapolated Fit 3 O 220 —— Sideband Extrapolated Fit —f 8 [ —— Sideband Extrapolated Fit ]
8 200;- e 0 b-tag 2I2q data —; 8 200 e 1 b-tag 212q data —i 8 20; e 2b-tag 2I12q data N
=, 180F ] z+ dets 4 3 180 [ z+ dets 135 f [ z+ dets ]
€ 160F B waw 4 € 160 B waw 4 € [ I taw i
2 140F I zzwzww 1 140 I zzwzww 4 2 15 I zzwzww ]
1205 [ | 400 GeV SM Higgsx3 : 120 [ ] 400 Gev SM Higgsx3 ] u i [ ] 400 GeV SM Higgsx3 ]
100f 100 10k N
80F 80 I ]
60F 60 i ]
40F | 40 S
20f : 20 1
200 300 400 500 600 700 200 300 400 500 600 700 500 300 400 500 800 700
mz [GeV] my; [GeV] m,, [GeV]
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95% C.L. limit on o/ayg,,

14

12

10

Higgs Boson Search in the ZZ—llqq, llbb

]lllllllllllllllllllIllllllllllllllllllll-l—
—e— Observed ATLAS plot for approval
------- Expected I p
B = 1o Ldt=1.04fb ,\'s=7TeV
[ l+2c H—ZZ vy

TTT [T T T[T T TTT[TTT[TTT[TTT]
el oo b by Laaa

200 250 300 350 400 450 500 550 600
my, [GeV]

Oy xBR(H— Z2) [pb]

Main differences between ATLAS and CMS :

- CMS larger integrated luminosity.

12 CMS preliminary 2011 1.6 fb' at\s =7 TeV
II’IIIIIIIIIIIlllllllllll'llll'llll[llIII
[ —«— CL Observed i
S S R I CL Expected N
10 | P -
: e CLS Expected + 1o i
CL Expected + 20 -
8 | B o(pp— H)xBR(H—Z2), SM ]
== o(pp— H)xBR(H—»ZZ), SM4 |-

(o))
IIIIIIIIIIIlllI

...........

lIllIIIIIllIlIIllIlllll‘llll[lll

200 250 300 350 400 450 500 550 600
M, [GeV]

- ATLAS shape analysis and CMS counting experiment.
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Higgs Boson Search in the WW—lvqqQ
(ATLAS only)

- Largest event yield channel

- Also large backgrounds

- Reconstructed invariant mass constraint M, = m,, Good relative mass resolution

- Background estimated from a fit model (side bands)

Events / 25 GeV

FT 1T 1771 T 1T T 7T T T T T T 1T T 7T | T T T [ T 1T 1T T3 'a' HT T I LI LI I LI L | I L I L L | LI L] I LI L I —]
- i £ 100f =
1600~ = (O Sinal (1000 2 soll — Data (bg fit subtracted) E
1400 » Do . E o _ 1 777 Signal, m =400 GeV (x 2.7) _f
__ | W/Z+jets ] © H .
1 200: | Mum-;et ] a 40f- E
__ [l Dibosons 7 N - i =
1000: + . : sofkt ATLAS Prellmlnary__
800 H-> W aq +0or 1 jet] of IR — ;
600 + ATLAS Preliminary] -20fF| T H+0/1j, H-> WW— Iv jj -
400F - [Ldt=1.04" ] a0 =
C - Vs=7TeV ] T + A1
200" -, B -60f- \s=7 TeV Ldt=1.04fb"
: o, B l —— l—— : f*]-].-::l“-.l-_'_ : - 0 :'I' 11 1 I 11 11 I 11 11 I 11 1 1 I L1 1 1 I 11 11 l L1 1 1 I L1 1 1 I 1:
fo0 200 300 400 500 600 700 200300 400 500 600 700 800 907 IGaV]
M(lv jj) [GeV]
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Higgs Boson Search in the WW—lvqqQ
(ATLAS only)
- Largest event yield channel
- Also large backgrounds
- Reconstructed invariant mass constraint M, .= m,, Good relative mass resolution

- Background estimated from a fit model (side bands)

S
2]
o
b .. —
- 10? ...... ’...- R
O L T e AT i
£ e :
S 1 ATLAS Preliminary Not in the
0 = E : :
5 F e Expected ] Combination
[ Ns=7TeV ]+ 10 ]
i ) L J+2c |
b1 b b b b b 1y H
260 300 350 400 450 500 550 600

M, [GeV]
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Higgs Boson Search in the 2z")—2I2t
“CMS Only”

- Main background ZZ (measured from Z)

- Important to control Z+jets background

CMS Preliminary,\s=7 TeV, 1.1 fb"

No 1 T T T | 1 T I | I I I I I I T 1 I T I 1 | I I
S 1.4 @ DATA —
81 ol [ |H20052z 52120
g - [ ]Ha00 52z - 212
~ 1+ Q -
§2 B z - 212
§0.8— |:|WZ/Z+|ets ]
Woel .
04 —
0.2 —

f00 200 300 400 500 600
M,,. (GeV/c?)

“95%CLs’ " SM

70T
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40

CMS Preliminary,\s=7 TeV, 1.1 fb”

IlIIIIllllllIllllllllllllllllll!ll
H— ZZ — 2I12c

—— Expected CLs Limit

- [ =10

- [ J=20

IIIIIIIII
l

—~ — Observed CLs Limit

-

-IlllllIIlIIIlllIIIllIIllllllllIIllllllll
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95% CL limit on o/og,,

Low Mass Channels

L " j
- bb (VH)

- - 1t (VBF) :

L =
| ATLAS Preliminary ~ [Lat~1.023f" (s=7Tev CLs limits |
100 200 300 400 500 600
m, [GeV]
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Low Mass Channels

Favored since more
than a decade by the
precision EW data

neglects correlations

T T T T ]
&
<

40

3o

" _Fitincluding theory errors 120
---- Fit excluding theory errors
---------------- T L
200 250 300
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DiPhoton Channel

Common Misconceptions and Basic Facts

- Small branching... but amongst largest yields (Dominant Channel in the very low mass range 110-125 GeV)

- Main production and decay processes occur through loops :

w ke
i [ S w
w
e AAAVAVAVRY
! (d)
A priori potentially large enhancement... ... Not so obviously enhanced (e.g. SUSY, SM4)

Still e.g. NMIMSSM (U. Ellwanger Phys.Lett. B 698, 293-296,2011) up to x6 at low masses, Fermiophobia...

- If observed implies that it does not originate from spin 1 : Landau-Yang theorem

L. Landau, Dokl. Akad. Nauk. , USSR 60, 207 (1948) and C. N. Yang, Phys. Rev. 77, 242 (1950).

- Extremely simple event selection : two photons 25/40 GeV (ATLAS) and 30/40 GeV (CMS)
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-Key features :
-Invariant mass resolution
- Energy response carateristics of EM-Calorimeters
- Energy calibration

- Interaction vertex position (IP spread of 5.6 cm, assuming (0,0,0)
adds ~1.4 GeV in mass resolution equiv. to the calo. M, resolution itself).

Transparence Calibration Crucial Calibration for Material Upstream important

o~1.6GeV o~1.7GeV

x10°
—_ N CMS pre“minary % [T T | L L L L L |_
§ 350} - Simuation Simulation 0] - ATLAS Simulation Preliminary ~ -
: 0 0.1 - .
8 —— Parametric Model Py'<40 GeV o - Wlth 201 0 i
0 3001 Max([n|)<1.5 o) - calibration i
C"')_ 6. =158 GeV/c? Min(R9)>0.94 Q; 0.08— N
S 250F . =8 - :
= f S - _
L200F  FwHM =297 Gevic? = 0.06~ ]
3 150f < - .
> — . = R ]
W ""F Only Partial 0-04: :
100 Calibration - ]
r 0.02_— —_
50} B ]

4 Q00" T05"T10 115 120 125 130 135 148 \1/ 45
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-Key features :
-Invariant mass resolution
- Energy response characteristics of EM-Calorimeters
- Energy calibration

- Interaction vertex position (IP spread of 5.6 cm, assuming (0,0,0)
adds ~1.4 GeV in mass resolution equiv. to the calo. M, resolution itself).

- Background rejection y/xt® also critical

Q]A 800 i' T T ] rTTT | T TTT | TTTT T TT | T TTT | T TT TTTT T ': 450 LI L | I LA N A | I LA B B I LI} LI l LA B I LB B
L2 - CMS preliminary o Data ] 400 E I p R
%) 700 Ne=7TeVL=166fb" [ 2promety — s \s=7TeV, | Lat=1.081 ]
(Ca 600 Z_ D 1 prompt y 1 fake y _: 350 Inclusive diphoton sample _:
o m - a ®  Data2011 -
~ } D 2fakey 1 300f B:ciground exp. fit -
£ 500 [ orett-van - A S — Bkg + MC signal m,_ = 120 GeV, 5xSM 3
- | 2s0F :
Ifl 400 — _E 200 E_ _i

300 — 150F =
200 — 100f- +3
100 £ 50F ATLAS =

PR SR SNT SN T SN T ST SN SN TN ST SN TN T SN SN SO SN SN SO ST SN N T ST '
%O 90 100 110 120 130 140 150 160 170 ;80 00 110 120 130 140 150 160
m,, (GeV/c?) m,, [GeV]



- Backgrounds :
Irreducible background:

a MY

NAAAAAVR B R TeTelolelo VAT

VAVAVAVAVES QMW;
Born Bremsstrahlung Box diagram
O(a?) O(a.0?) O(a?,02)

Theoretical uncertainty: ~ 25 % (NLO: 20%)

9:.2Q0QQQ Y

2|

Reducible background:

q 000000 9 a NVVVWWAY 9 75555505 9
q VWY 9000909 a  9.09Q9Q0QQ Y
O(a.a) O(a.a) O(a3.a)
y-jet 0=1.8x10°pb v-jet need rejection R~O(10 %)
jet-jet 0~ 4.8 x 108 pb jet-jet need rejection R~0(107)

Main background from leading nt° Fragmentation
Theoretical uncertainty: ~ 30% (dominated by NLO cross-section)

Purity measured on data, typically ~70% |
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EPS

EPS
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- Vs = 7T;eV L=1.09 fb’ | ===+ Observed Bayesian Limit E ----- Expected CLs limit
12? N A. ....... MedianExpectadCLlLImit .................... - - i 10 ATLAS Preliminary
[ = revinonuun B ix Danzoriase7Tev
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- ATLAS and CMS very similar performance
- Main differences between ATLAS and CMS (very similar analyses) :

- Use of P categories

M, [GeV]

- Electron/Muon minimum pT requirement (ATLAS 15/7 GeV/c and CMS 7/5 GeV/c)

- Different lepton ID efficiencies?



95% CL limit on o/og,,

i 'c'lv'lé'liréh}ri.hé}y \s=7TeV [-=Observed | EF’S
1 _’ ' vvvvvvvvvvvvvvvvvvvvvv ] T I l
R Expected + 20 & S Expected CL_ limit .
g) - tio ATLAS Preliminary .
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Higgs boson mass (GeV/c?)

- ATLAS and CMS very similar performance
- Main differences between ATLAS and CMS (very similar analyses) :

- Use of P categories
- Electron/Muon minimum pT requirement (ATLAS 15/7 GeV/c and CMS 7/5 GeV/c)
- Different lepton ID efficiencies?



Higgs Boson Search in the VH, H—=bb
(ATLAS)

- At the heart of a completely new analysis trend : Jet substructure (Not yet applied)

- Not as strong as the diphoton but important to gather information about the
couplings.

- Backgrounds are estimated from control samples :

Entries / 10 GeV

Entries / 10 GeV

220F ATLASPreliminary ' o gaa 5 I —e— Observed (CLs)
200F- _[L dt=1.04 b - (srlir:'fszeoew E %120 N Expected (CLs) '[ Ldt=1.04 fb'1, \s=7 TeV
180 + _'lz'otal BG 3 g - I 1o
160F z E . +
E - E . . = [ ]+2c VH, H— bb

140¢ e 3 WHmainbkg:  E' -
120 —— Multijet = = B ATLAS Preliminary
100F- 1 -Top prod. 3 sl

80F = - N

60 3 - WHets 5 -

40F -

20F- = 60~

% 50 100 150 200 250 :

m,, [GeV] 401

45F ATLASPreliminary ' o data - -

40?— L dt=1.04 1" - ?*Si:'s%%)ev)_; 20—

35F — Total BG = . B

E _Z E " 1 | 1 1 1 1 | 1 1 1 1 |

30 — Top E ZH main bkg . 120 125 130
25 Diboson 3 Ztjets Higgs mass [GeV]
20F 3

15 } : Sensitivity  ~15 X ogy

10E :

i3 1 ~10-15 X Oy,
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Higgs Boson Search in the Boosted VH, H—=bb

(CMS)
3 Channels (llbb,lvbb and vvbb)

- P{(V)>100-160 GeV (boosted W/Z)

- VH topology : AO(V,H) > 2.9-2.95

- Tight b-tagging & MET quality

- Backgrounds estimated from control data
- Two approaches BDT and M;

bJet1 P — @ view bb:

P/ 151.4, m 104.78

n 0.814, Pr225.93

@ 2.299 A (bb,MET)
bjet2

Pr47-3,

n1.783,

® 2.189

2 4EI"'|'_"_|"'|"'I T q
c 10 = CMS Preliminary epata [laco 3
Q 5 Fs=7TeV,L=1.1f" —VH(115) [Jz+udscg -
W 10" E 7v)H(oB) Ow  Ozee 3
N |t JW-+udsge
10} C D\i:ubb ?
10} ut- 4
1 1
10" .
102 4
.3 .
10 | | I (.e.)la
-1 -08 -06 -04 02 0 0.2
BDT Output
> 3 UL l 1T l 1T | L I L . l LU B
8 10 I?CMS Preliminary epata  [Jacp d
o [Vs=7TeV,L=1.1fb" =vH115 [Jz+udscg ]
5 1% Z(w)H(bb) w  [zes
= - [ fw-+udscg
o - [st [dw+bb
N1 10;— E
107
10'2:— |
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95% C.L. Limit on o/ oy,

Higgs Boson Search in the Boosted VH, H—bb

(CMS)

L A AL N S L B
‘CMS Preliminary .
CNs=7TeV,L=14R"
‘VH(bb), combined
—e— CL  Observed
....... CL Expected
o CLg Expected+ 10
CL; Expected + 20

Ill'lllllllll_{

lIIlllIIIlllIIlllllllllllIll[lllllllll"

N lll!lllllllllllllllllll'

a d g e g a1
130 135
Higgs Mass [GeV]

P I T TN S T { el
110 115 120

95% C.L. Limit on o/0y,,

Main differences between ATLAS and CMS :
- Boosted analysis (not yet substructure analysis) in CMS

- Use of BDT in CMS
- bbvv channel in CMS

S UL AL IR L BN L B T T 3
- (CMS Preliminary : : ]
E‘"Q\I’E’:’?TeV,’SL':’Lbe"E'""M‘;"' B
- VH(bb), combined ji -
-~ —e— CLg Observed B e =
R CL Expected B
— mm CLg Expected =10 =
- CL¢ Expected = 20 B
—T0 15 120 125 180 135
Higgs Mass [GeV]
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Jet Substructure

- Use Higgs only at high p; to improve acceptance and reduce bkg.
- The Higgs would be a single jet, then investigate the jet structure, RECIPE :

b \‘
1,' Butterworth, Davison, Salam, Rubin
/ —
; H R - ‘ - _ ‘
g — —
mass drop filter

P,>150-200 GeV 2 w

- Use the Cambridge-Aachen jet algorithm Dokshitzer et al. 97’

v
Fat jet
(Clustering based on the R-distances between objects, iterate until AR>1.2)

With mass m
- Undo the last stage of clustering defining J; and J,

If max(m,;,m,) < 2m/3 then there is a “mass drop”
- If there is a mass drop apply b-tagging

- Then recluster using a Ry, = min(0.3, Ry, ;,)
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First Steps Towards Jet Substructure

- Further checks in Jet Mass and splitting scale (checking Shower models) :

\V/ dij2 = min(pr1,pr2)0R12

> F T I | I I - '%‘ T T T T T T T T T3
3H0.018:— ATLAS Preliminary —e— ATLAS 2010 data: 35pb" 3 o| @ 0.04F ATLAS Preliminary —e— ATIAS 2010 data: 35pb’ 3
= 0.016F — PSaMNOW = b o 035 —— Pythia MC10 E
-5 0.014F o Henigdmmy = 0 0 — — Hemwigldmmy :
0.012F e = e 00— Herwigs.+ E
0.01E- Anti k; jets with B-1.0 3 0.025 Anti &, jots with B=1.0 -
. Ny =1,p,> 300 GeV, |yl <2 e Ny = 1.p, > 300GaV. lyl<2 =
0.008 _—_— = 0.02 =
= 0.015 =
0.006__J - E =
0.004 . — 0.01 =
O.OOZE 2 _E o _i
] T T T N T T T S B | L) - 011.111.[;1.11.1 — = "'."':
« - ; ; ol T T T
1.5 o & 51
8 UL . At N L T 5 1A e e e . i
So.50— 305
50 100 150 200 250 300 0 20 40 60 80 100 120 140 160 180 200
jet mass [GeV] \fd12 [GeV]
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Jets/ 10 GeV

Fat-Top-Jet Samples

- Very encouraging first results (top-jet) :

CMS Preliminary, 490 pb” at\JE = 7 TeV

T T T T T T | T T T T | T T T T I T T | (b T 170 I LI B | I L I | I LI | I LI I L I L B | I L | l LA | I L |
160 ATLAS Preliminary 7 = 2
140 --Data - o 18 mghm™ = 8275+ 2.38 GeV
O
WW 16 wo
T (Te) My = B8200= 222 GeV
10 4 et ~ 14
+jets
(7] To
100 + j 1 2 42 Il Top
L dt =0.61 fb o ClwdJets
3 e Data
6 . - Data fit
af - - MC fit
§ . =mu BN, .
50 100 150 200 0 20 40 60 80 100 120 140 160 180 200
Jet Mass [GeV] Mass of W-Jet Candidate (GeV/c?)

CMS with b-tagging ! "



Hadronic Top Candidate (E; = 356 GeV, 3 subjets, M=197 GeV)

Electron

e

g\ hadr\om/‘t(op eandidate

hadronic top | | a‘l )
candidate ;’

-
.“\
o .
| p Y —
\
\
\

leptonic top | A\

—p—
candidate _\ W /

\.-/l e

CATLAS

_lEXPERIMENT

RUn Number 1666858, Event Number' 34%

Pate: 2010-10-11 23:57:42 CEST




Inclusive H—tt Search

- W and Z Cross sections in taus measured in 2 ssof After tight BOTID || ATLAS mretmnary
(O] — —
CMS and ATLAS. © C JdtL =730 pb” ]
® 200: Ns=7TeV ]
. . c __ __
- New Mass reconstruction techniques lead to 2 - COE e
improved mass resolution even when collinear 150~ 53; (non-trth-matched)
. . . . L d -
approximation not fully efficient (MMC). - B voiet .
100_— I z—uu —
. . . . o B ]
- New perspectives in SM inclusive searches. sof . E
- Background estimated using embedding 05 oS o .
techniques (partially data-driven) 07"20740 60 80 100 120 140 160 180 200

m,q(1.T,) [GeV]

>45__L|||||||llllllllllllllllllllllllIIIJ: > _|IIIIIIIIIIIII[lIIIIIIIIIIIIIIIIIIIIIIII_

o F 4 —=Dam ] ® 350F et +ut,_ channels .

O 40F L = O F T —4- Data 2011 .
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L 25:_ ----- 30xH:1zo>—m_,nvsr; 200 QCD multi-jet -

203_ :':s:':::a uncert._f 150:_ % stat. _:
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1 0_ _ 100 s=7TeV, det - 1.061" ]
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SM
H

95% CL. limitonoc /o

Inclusive H—tt Search

1 OO :l T | T T 17T | T T 17T | T T 17T | T T 17T | T T 17T | T |: c% I1 OO :I T | T 1 T 1 | T T T°T1 | T T 17T | T T 17T | T T 17T | T |:
gof H-t ATLAS Preliminary ] E gof H—t ATLAS Preliminary ]
3 OE — gbse";’eg gl'_-s . o 805 —— Observed CLs .

[ eeeeeae Xpecte S ] C e E
- —— ObZerved Il only . S - Expected CLs .
4 0] — Expected Il only - E 70 +20 =
- —e— Observed Ih only . = - o 1o .
60:_ ------- Expected |h only = i 60 - E
F 1 O gk E
50;_\@ =7TeV, f Ldt=1.06fb" 1 R 50; s=7TeV, f Ldt = 1.06 b -
40F 4 & 40F :
30 4 380F E
20 1 e20r
10 I
0:1 T RN AN AR RTATEN BTN RATRE s 0:| N EETEEE RN SR BT RS A
100 110 120 130 140 150 100 110 120 130 140 150
m, [GeV] m, [GeV]

- Still not very sensitive

- Background dominated by Z events (with a small contribution from top)
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- VBF features in CMS to improve purity and

Higgs Boson Search in the VBF H—=1t
(CMS only)

Textbook Event

sensitivity (to reject Z background)

q

Veto events with extra jets in the central region
_ A

-~

)

¢

\

@
¢

7
Tagging Jet

\ Tagging Jet

Higgs decay products
Seminaire LAL 06/10/2011
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CMS Experiment at LHC, CERN

Data recorded: Fri May 20 01:10:36 2011 CEST
Run/Event: 165364 / 356120525

Lumi section: 285
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Events

Events

Higgs Boson Search in the VBF H—=1t
(CMS only)
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Higgs Boson Search in the VBF H—=1t
(CMS only)

W
o

L] l L] L] L] L] I L L] L] L]
[ CMS preliminary = _g— Expected CLs Limit ]
- \s=7TeV, 1.1 fb"

- = QObserved CLs Limit —

- Nice rejection properties verified.
- Only visible mass used in this analysis

Gg59, cLs/Osm
N
(@)

- Results should improve with new mass
reconstruction methods but not drastically
as it is already VBF!

- Caution : Sensitive to pile-up!

110 120 130 140
my, [GeV]

- Main differences between ATLAS and CMS (very similar analyses) :
- Use of VBF production features (CMS)
- Use of new mass reconstruction technique (inclusive analysis — ATLAS)
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Combination
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95% CL Limit on 0/0g,

-
o

10—

Combination of All Channels

The ATLAS and CMS Combinations
A new landscape of Higgs Exclusion has Emerged!

{555 Expected = 10

....... Expected + 20

| —— Observed

T ATLAS Proiminary | 'GLsUimits | [ OMS Priminan Gs=7Te
B ] Combined, L =1.1-1.7 fb
— Observed 0
I ---- Expected a4
L Ldt =1.0-2.3 fb _|
- - +10 =
- |:| +20 @ =7 TeV ]

PR T T SO S A SO T SO SN AN SO ST SR T T SN ST S W AR TR S TN SN NN T S SO S S W
200 300 400 500 600 100 200

300 400 500 600

m,, [GeV] Higgs boson mass (GeV/c?)

Expected : 131 — 450 GeV
Observed : 146-230, 256-282,

Expected : 130 -
Observed : 145-216, 226-288,

440 GeV

296-459 GeV 310-400 GeV
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CLs

0.2

0.15

0.1

0.05

Combination

of All Channels

The ATLAS and CMS Combinations
A new landscape of Higgs Exclusion has Emerged!

" ATLAS Preliminary

L B R

— Observed
---- Expected

f Ldt = 1.0-2.3 fb"
Vs =7TeV

.......................................................

....................................................
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Higgs boson mass (GeV/c?)
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Significant Excesses?

In ATLAS...

Estimator for a discovery : Probability for a background only experiment to be more
signal-like than observed!

D_O 1 :E T T T T T |4:
107 E
10% : E
108 R ST LT <

= f Ldt~1.0-1.215 — Observed
10°E 46 Ve (EPS-HEP 2011) ---- Expected 3
107 E f Ldt~1.0-2.3 b’ — Observed "5
. - (LP 2011) ---- Expected 3
10 E 56 ATLAS Preliminary E

1 0-7 ! ! ! ! R R T T | ! ! ! ! [ R S R T N R S SR N N N S WA |
100 200 300 400 500 600
m,, [GeV]

Beware of the trial factor (factor of ~O(40)) !

Seminaire LAL 06/10/2011 81



Closer Look at the LP Result

In ATLAS...

Estimator for a discovery : Probability for a background only experiment to be more
signal-like than observed!

_ ATLAS Preliminary
3 4
3 : 4
;E NS ?;
2 4
A —Observed o i
E — L
E - Expecied f Ldt=1.0-23 10"
s \s=7TeV -
T A R T
100 200 300 400 500 _ 600
m,, [GeV]

[\
Q

w
Q

N
Q

(62}
Q

No significant excess seen anymore (at most ~20)
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L ATLAS Preliminary
107E 4
10 F 4
108 :E—— Observed ?:

= - Expected Ldt = 1.0-2.3b" -

10_6'5_ \s=7TeV =

107 T R T N
100 120 140 160 180 200 220 240

m,, [GeV]
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Significant Excesses?
In CMS...

Estimator for a discovery : Probability for a background only experiment to be more
signal-like than observed!

EPS

g 0E = 2 °F
© — - > — _ 1o
g L s % T a0
§ % 1 E‘ § E ___________ 20
[ 2 L
0.1 -1 10 =
E . . L a [ d . [P PP PP _: _______________________________________________________________________ 30
g - S ——————— 7 T 10-3:E E:
S g A e - CMS Preliminary, \'s = 7 TeV, Combined, L _ =1.1-1.7 b .
= 10% | " —
- B bk & stk el o R = Interpretation requires look-elsewhere effect correction Ho
Q —— 4 — ———— =
S z [ i
s R v s -
CMS Preliminary, \s =7 TeV = L ]
Combined, L = 1.1 b z F A :
int
_____________________________________________________________ o 1
: @ i
10° - - - B
| Intergretation requires look-elsewhere effect correction | -
100 200 300 200 500 600 900 200 300 200 500 600
Higas boson mass (GeV/c?) Higgs boson mass (GeV/c?)

Trial Factor
Needed!
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95% CL Limit on o/og,,

ATLAS and CMS

-
o

—h

CMS 2011 Preliminary

Ldt~1.1-1.7 b’

(LP 2011)

fL dt ~1.0-2.3 5
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—— Observed [+ 10

100
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my [GeV]
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ATLAS and CMS
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-

= . R . CMS Preliminary 5
= ' . det~1.1-1.7fb =
al % . ---- Expected
107 E 456 N (LP2011) —— Observed 3
10° = v f L dt ~1.0-2.3 &' — Observed =
. = (LP 2011) ---- Expected =
107°E 5 ATLAS Preliminary E
10-7 . . . R T S S S R . . . P T S S SR R SR SN SR RS SR |
100 200 300 400 500 600

m, [GeV]

Seminaire LAL 06/10/2011



Lessons from Latest LHC results

OU';';:O'( from [ 1 - The Standard Theory (EW and QCD) is unbelievably successfull*
eory

(D-Sprgss) 2.- Rapidly closing in on the Higgs**

3.- Colored sparticles are not around the corner

4.- No sign of (easily discoverable) new physics

* At LHC NNLO calculations and the entire NLO ME/PS toolkit are now
mature and have proven to work beautifully.

** The Landscape of Higgs search exclusions has drastically changed

Apologies for the very large number of subjects that have not been shown in
this talk, there are a lot!
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Outlook
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What Next?

Year | Lumi | Total c.0.m. Energy
2011 5 5 7 TeV
2012 | 10-15| 15-20 7-8 TeV
2013 | LS1 | 15-20 LS1
2014 | LS1 | 15-20 LS1
2015 | >10 >25 >12 TeV

The Tevatron, the world’s highest-energy proton-
antiproton collider, has shut down on Sept. 30, 2011.

é 25 g— Tevatron RlunII Preliminary Etti:i‘;
20:_L<86tb _ , aeeLLR,
15 F - tlﬂibb
10
5
e — s R .
[0 UL S B N Sh SO SN Bt At
-10

100 110 120 130 140 150 160 170 180 190 200
my, (GeV/c?)
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What Next by the End of the Year?

= 2R B B L B B L BB
By end Of October per exp 5 fb-1 (\.IUJ 4:_ ATLAS Online Luminosity \s=7TeVv 3
’ g g ¢ LHC Stable Beams g
8 3.9 Peak Lumi: 3.31x 10% cm? s E
_ o 2 A
- New runs at higher luminosity... T s B
) = 3. -
g 2 ,’f‘ . —
g .k :
e 1.5 " —
= c e 2 3
E £ r!"’ . . =
- - [ 4 -
é 05;_ i * ¢ * _;
o ot .|'_.||;..|...;...|...|..:
02/03 04/04 08/05 11/06 15/07 17/08 20/09 24/10
Day in 2011
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What Next by the End of the Year?

IYIIIIIIIII]IIIIII]II]IITllllllllll]lll]lll

ATLAS Online 2011, \/s=7 TeV Ldt=3.02 fb "'

—
o
'S

By end of october, per exp. 5 fb-'

-
o
w

— B*=1.0m,<p>=116
>~ — pB*=15m,<p>= 63

-
o
N

- New runs at higher luminosity...

-
o

- Much higher PU!

Recorded Luminosity [pb ']

107"

10° & 1

|
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Recent event with 15 Vertices 0 2 468 10 12

Mean Number of Interactions per Crossing




What Next by the End of the Year?

By end of october, per exp. 5 fb!

Undisclosed Information

ATLAS & CMS combination should be sensitive most of the available mass range for exclusion
this year... almost possible for each experiment (modulo improvements)
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What About Now?

... with Tevatron ...

Undisclosed Information

ATLAS, CMS & TeVatron combined is sensitive in the entire low mass range...
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...and by LS17?

By end of 2012, per exp. 15-20 fb""

OF— !
: C SPrellmmary Oct2010 —1fb @[ Tev

co

Significance of Observation ()

O a N W B OO N

PI'OJe ted Slgnlflcance of Observatl

200 300 400 500
Higgs mass, m_ [GeV/c?]

Rescaling needed

Nearly sensitive at the 50 level over most of the available Higgs boson masses
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The Higgs Hunt in 2012...

- To reach optimal analyses will require

- More work on performances
(at all levels of the analyses)
- Analysis improvements/optimization

- The Higgs boson will not be unveiled
easily...



The Higgs Hunt in 2012...

Higgs Hunting 2012

DUSCUSSLONS on f )/J’J‘Jn

To reach optimal analyses will require
July 18 -20, 2012, Orsay-France
- More work on performances
(at all levels of the analyses)
- Analysis improvements/optimization

The Higgs boson will not be unveiled
easily...

2012 should bring more definitive Topics:

New results from Tevatron and LHC

P ts for H k
answers | ro§;)ec s for _|\ggs searches

Recent theoretical developments

A

(@ 1T P l=m]  Ra—
W W W, h/ggshunt/ng fr



Backup
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Properties of the W and Z Production

- Used to understand and calibrate our detector response (trigger, identification,
resolution, efficiencies)

- Dominant signal and/or background in many other analyses and searches for new physics
(top, Higgs, SUSY, ...)

L e L S S R R T T LELEELLY e

NE 10 8| [ Atlas and CMS (7 TeV) ‘8 o s T
N\ Atlas and CMS rapidity plateau z 2 2 T
0107 L : DO Central+Fwd. Jets ;—:" Q = 10 Gev __
F E=2 CDF/DO Central Jets
10 6 . 3 H1
Z77] BCDMS
104 oo N .
W — 0.6\ \ .
103L 7]
102 M = 10 GeV 0'4_ N\ \ _:
10 i \ i
1k 0.21 , ]
10 1 E - |
E L REIT Rl TR L 1aga v ol vl 1 1 : 0 1 1 IIIIIIII 1 1 ||||||| L1 1111l ! = N
07 10°% 107 10* 107 10?% 10! p! 10 10° 102 10" 1
— .\ ATLAS & CMS X
U+ d(S) W W production (largely with one valence quark) is
—/—= - highly charge asymmetric
d+u@c)—W ghly charge asy
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Differential Cross Sections

-Differential cross sections for both the W and
Z production measured.

- Rather well described by predictions of NNLO
PDF sets considered

- Measurements can impact on PDF central

values and uncertainties
3600_-"1""1" T ]
(=" - ATLAS Preliminary ’
=500 =
'U [~ iy B
\b Aj——ou—_‘t‘-—[;Li B -
T 400 ——— 5
3001 =
- f L dt = 33-36 pb’ W—lv ]
200:_ 54~ Data 2010 (s = 7 TeV) B
- 4 MSTWO08 — Uncorr. uncertainty T
100 o Askmog Total uncertainty -
JRO9 -
B N I B NN R
% 11_ - . _ QA0 e Al o
Q _/\r:1 iy Ag I\u Al A M : e i e —
>
s 0.9¢ . , | | -
)
e 0 0.5 1 1.5 2 Semiirgf'é LAL 06
= Ii

= 800 = 600 ]

& [ ATLAS Preliminary S I ATLAS Preliminary ]

£ 7000 1 500 >

§ 3 e ] -M-—“#—M"?ﬁ* ] § e e TR ]

600fseser el ‘ ] 400F T g

500 \Vs=7TeV E 300? Ns=7TeV R

4003_ . f Ldt=a3-a6pb’ 200’_ Wy, f Ldt=3336pb" ]

o pmmid TS St p il

r 4w luminosiy excluded N luminosty excluded |

T I R T R s A N R
3160_111{ T ™

[=" 140- ATLAS Preliminary .

N [ ]

> 1 .g -]

% e : : » 1 () .

3 120 ¥ i ® =

* 100f . :

L §,u _

 [Laessm ZTT .

801 fL dt = 33-36 pb -

| —4— Data 2010 s =7 TeV) ]

601 870 =

& MSTWO8 —

40~ - AsKMos —}— Uncorr. uncertainty ]

- Total uncertainty ]

u JRO9 .

20 -]

© [ | Ll | Ll IR S

e B y 0 Ao ) L

m 1 * 1 S , ;‘ % 1 r*_ﬂ_ﬂ__

Qe | ' A

- T =

P N _
g 09 | | | | | | |

2 O 05 1 15 2 25 3 35

Me/2011 IyZI



Statistical Combination Methods

Combination methods and (RooStats) code are the same as those
used for the 2010 paper and are the official LHC-HCG tools

Based on the profile likelihood (PL) estimator :

Test statistic Profiled? | Test statistic sampling
_ _9 | £ldatalnb) - . .
LEP q, = —21n £ (datal0.5) no Bayesian-frequentist hybrid

2 In L(data|u,0,,)

Tevatron | ¢, = — Z(datal0 o) yes Bayesian-frequentist hybrid
»V0
LHC g, = —21n Eﬁ((d;jzngg)) yes frequentist
0<a<p)

Profiling allows to fully take advantage of the constraints on nuisance paramters
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The Unconditional Ensemble

L(data | u, #) = Poisson (data | u - s(8) + b(6) ) - p(6]6)

\ v \ v
N . 2

Control region
auxiliary
measurement

Signal region main measurement

To account in a fully frequentist fashion the systematic uncertainties :

%
- The nuisance parameter is fixed for generation to default measured value
* ficher

- Fitted

d
rrrrrr
er

- The auxiliary measurement is randomized
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Higgs Boson Search with tau Leptons in the MSSM

CMS Preliminary 2011 1.1 fb

',"" ’,»""f‘l95% CL excluded regions
_______ -/~ [C] CMS observed
------------- +1o0 theory
-------------- CMS expected
R e Il CMS H' observed

T : ¥ po7.3fb™
10 0 LEP

max - -
MSSM m, ™ scenario, MsUSY =1TeV

-
-
PP et
------
----
.....
....

- .

100 150 200 250 300 350 400 450 500

m, [GeV]

Different analysis strategy : Combination of H* and (b)®%—(b)t*t~

Already probing below the interesting tanf3~30 region over wide mass range!
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Higgs Boson Search with tau Leptons in the MSSM

60

IIIIIIIIIIIIIIIIIII]I:IIIIIIII
.

All channels

—@— Observed CLs
------ Expected CLs
I + 1o
[ J+2
LEP .
ATLAS 36 pb ' observed ,+*

------ ATLAS 364b™" expected

tanP

50,

40,

o
.*
-

myaX, u>0

w:?T&LJLd=106%4
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ATLAS Preliminary

00 150 200 250 300 350 400 450

m, [GeV]

Different analysis strategy : Combination of H* and (b)®°—(b)t*t~

Already probing below the interesting tanf3~30 region over wide mass range!
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Higgs Boson Search Charged Higgs
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CMS-PAS-HIG-11-001

Doubly Charged Higgs

- extending Standard Model adding scalar triplet (motivated by Seesaw mechanism for
neutrino masses). Leads to a doubly charged Higgs H**.

i
- Use di-lepton H**decay topologies in four or three leptons. 2 * <|;
. c

- Look for SS di-lepton resonances.

- Limits === = ==
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Normal Hierarchy / Inverse Hierarchy / Degenerate State
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ATLAS-CONF-2011-020
Search for a light CP-odd Higgs boson in the u*u Final State
- NMSSM : additional singlet complex field leads to 1 additional CP-even and one CP-odd Higgs

In the low mass region (below 2m,) lightest CP-even Higgs evades LEP limits this mass region is

referred to as ideal Higgs scenario.

u

Search performed in the [6-9] and [11-12] mass range (avoiding Y a
1

resonances 1S, 2S and 3S due to uncertainties on their production
rates). N

u
Simple selection of two isolated muons p;> 4 GeV a; = CoS 9AaMSSM + sin HAaS
3 | ATLAS Preliminay [, .
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ATLAS-CONF-2011-020
Search for a light CP-odd Higgs boson in the uw*u Final State

- NMSSM : additional singlet complex field leads to 1 additional CP-even and one CP-odd Higgs

In the low mass region (below 2m,) lightest CP-even Higgs evades LEP limits this mass region is
referred to as ideal Higgs scenario.

u
Search performed in the [6-9] and [11-12] mass range (avoiding Y a
1
resonances 1S, 2S and 3S due to uncertainties on their production
rates). +
u
Simple selection of two isolated muons p;> 4 GeV a; = CoS 9AaMSSM + SIn 9Aas
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