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‘ The Case for the Higgs Boson I

Massive weak gauge bosons and fermions
implies that there must exist an outside sector
of interactions that break the electroweak
(EW) symmetry: the “Higgs sector”.

There is no preferred model of the Higgs
sector, we just have theories of it.

Simplest realization in the Standard Model:
« Single scalar doublet field

« Self interacting; non-zero vacuum
expectation value breaks EW symmetry

gives mass to W/Z bosons

gives mass to fermions (through Yukawa
interactions)

=» a physical scalar particle remains:
the Higgs boson

>
>

Its mass is not predicted, though!
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‘ Stalking the Higgs Boson I

Indirect constraints Direct searches at LEP
* Precision electroweak observables are  « Tantalizing hints (~1.70) of a SM-like
sensitive to the Higgs boson mass via Higgs boson with my~115 GeV:
gquantum corrections.
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‘ The Hadron Collider Era I

Two machines currently operating:

Fermilab’s Tevatron Collider: proton-antiproton collisions at 1.96 TeV.

=>» expected to be sensitive to a SM Higgs boson in the EW-preferred mass region.
CERN’s Large Hadron Collider (LHC): proton-proton collisions at 7 TeV (for now)
=» should be able to discover a SM Higgs boson up to at least m,;~600 GeV.
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‘ Tevatron Experiments I

* Excellent performance by the Tevatron
accelerator and CDF and DG detectors.

* 10-year long Run Il ending Sept. 2011
« >10 fb-' recorded per experiment to date
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Delivered integrated luminosity (fb™")

‘ LHC Experiments I

The CMS Experiment
First proton-proton collisions at 7 TeV in 2010.

Amazing performance by the accelerator and
detectors since then:

« >2 b1 delivered by the LHC in 2011 so far.

« High quality physics results with 1.1 fb-" /
presented at the EPS 2011 conference! s
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‘ The Stairway to the Higgs I

Higgs boson searches at hadron colliders are background-dominated.

Tevatron Run Il pp at s = 1.96 TeV

. April 2011 —
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m, = 165 GeV

Experiments have established a solid foundation to search for the
Higgs boson through precise measurements of SM processes.
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SM Higgs Production at Hadron Colliders

g q/ Wiz g q 8 t
-- H - -- H
J N 9 H q a 8 i
Main production mechanism
~__ Tevatron (op @ 1.96 TeV) LHC (pp @7 TeV)
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SM Higgs Production at Hadron Colliders

g g/ Wiz g J g t
-- H - -- H
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Next most important production mechanism
~__ Tevatron (op @ 1.96 TeV) LHC (pp @7 TeV)
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Branching ratios

—

m_ =135 GeV
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‘ SM Higgs Decay Modes I

m,<135 GeV: H>bb dominates

my>135 GeV: H>WW dominates

13



‘ SM Higgs Decay Modes I

m_ =135 GeV
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= Many decay modes being explored to increase the sensitivity of the
search to the SM Higgs boson, but also to a non-SM one!
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H-bb

H-TT

H-yy

H->WW
H-Z7Z

‘ Search Strategies I

« Defined by a combination of theoretical and experimental considerations (large oxB but
experimentally feasible: trigger, backgrounds....)
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SM Higgs

Low Mass (100-140 GeV)

_>
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‘ Searching for H->bb I

« Highest sensitivity channel at the Tevatron for m;<130 GeV.

« Identify events consistent with leptonic W/Z decays in association with jets
« Trigger on high p; electrons, muons or missing transverse energy ( ET)
« W-Iv:eoruand high £
« Z-21l: ee or uu consistent with Z resonance
« Z->vv: no charged leptons; two acoplanar jets and ET
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‘ Searching for H->bb I

« Heavy-flavor jet identification (b-tagging) key to

improve signal-to-background ratio. ek
Displaced tracks
* Dijet invariant mass distribution single most - /.
. .. . Decay lifetime %
discriminant variable. Ly, = -, weaecengdagy,vertex
. g . . . . i - A
« Sophisticated multivariate techniques gain Famap, Ve”‘a @,
~20-30% additional sensitivity. e
Prompt tracks
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Highest sensitivity channel at the LHC for

500 \s=7TeVL=1.09fb"’ 2 .
m,<130 GeV. ! [ 2promety
r (] 1 prompt y 1 fake y
400f ] 21sker
[:] Drell-Yan

Tiny branching ratio in SM (~0.2%), but clear
signature of narrow diphoton resonance on
top of smoothly-declining background 200
(dominated by electron and jet fakes).

‘ Searching for H>vyy I

CMS preliminary e Data
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‘ Searching for H>vyy I

Highest sensitivity channel at the LHC for
my<130 GeV.

Tiny branching ratio in SM (~0.2%), but clear
signature of narrow diphoton resonance on
top of smoothly-declining background
(dominated by electron and jet fakes).

Diphoton mass resolution is key:
 Ranges in ~1.2%-6%.
» Dedicated corrections for material upstream
the calorimeter, vertex position, etc.

» Categorize events depending on expected
mass resolution.

Detailed understanding of background
composition achieved via data-driven techniques.
Background fitted to exponential model and side-
band analysis performed.
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SM Higgs

High Mass (140-600 GeV)

\s =7TeV SM
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‘ Searching for H>WW I

H>WW-Iviv

10°
10°
10°
102

10

Highest sensitivity channel in m;~130-200 GeV range.

Clean dilepton+£, signature.

Main backgrounds after ET cut: WW, W/Z+jets.

Exploit spin correlation between dibosons:

=» Small angular separation between leptons

P rrB6fore MET cut
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‘ Searching for H>WW I

H>WW-Iviv

For further signal-to-background discrimination:
« Categorize events depending on jet multiplicity;

* Optimized selections on discriminant variables e.g.

AD,, my, M(llvv), or
Rely on multivariate techniques.

=» At the LHC can achieve S:B close to 1 with

cut-based analyses.
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H>Z2Z-54l

Events/10 GeV

‘ Searching for H>ZZ I

Highest sensitivity mode for m;~200-600 GeV.
Require at least one Z->II.

=>» Three different final state signatures with
comparable sensitivity depending on the other Z
boson decay modes.

Golden mode owing to clean signature and excellent
mass resolution, but limited in rate by small B(Z->1l).

Main background: non-resonant ZZ production.

—""."'D'A'fA vvvvvvvv [Illl]lllIllllllllllllllllllll: CMS Preliminary 2011 \'s=7TeVL=1.13lb‘
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‘ Searching for H>ZZ I

Highest sensitivity mode for m;~200-600 GeV.
Require at least one Z->II.

=>» Three different final state signatures with
comparable sensitivity depending on the other Z
boson decay modes.

H>ZZ->liqq

Benefits from high B(Z-=>qq) (~70%).
Good mass reconstruction capabilities.
Dominant background from Z+jets.

H>Z2Z->llvy

Benefits from sizable B(Z->vv) (~20%).
Signature: ee/uu+ ...

Main backgrounds dibosons and top suppressed
by 3 lepton and b-tag vetoes.

Final discriminant: M.(llvv).
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Events / 50 GeV
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F Top :
25E 72, WZ,WW E
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s || 1] :
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Events /0.4

data/MC

‘ Validation of Search Techniques I

» Critical to validate experimental strategy and tools using SM backgrounds that share
characteristics with the signal.

WZ+ZZ->vvbb,vvcc
WW- Iviv o EE Y2 Analysie sample (one b lag)
v 2.5 DO Preliminary Run Il 8.4 fb™ =
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‘ Limits on SM Higgs Production I

Upper limits on Higgs production cross sections derived at 95% C.L. as a function of
Higgs boson mass, taking into account experimental and theoretical uncertainties.

Combination of multiple channels (and experiments!) yields the greatest sensitivity.
Assumes SM prediction for ratio of production cross sections and branching ratios.
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‘ Tevatron Results I

Tevatron Run |l Preliminary, L<8.6fb"
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95% CL Limit on o/c,,

‘ LHC Results I

- ATLAS Preliminary ' ik

- —— Observed CLs -
---- Expected —[ Ldt=1.0-1.2fb
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SM Higgs excluded at 95% C.L.
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| CMS Preliminary, \'s =7 TeV —e— ClL,Observed
Combined, L =1.1fb" B CL, Expected + 1o
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SM Higgs excluded at 95% C.L.
149<m,<206 GeV and 300<m,;<440 GeV
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95% CL Limit/SM

95% CL Limit on /oy,

Summary of Current Limits

Tevatron Run I Prellmmary, L<861b"

LEP Exclusmn Tevatron
10 Exclusion,
: Observed o ]
0 +16E d
[]  #20 Exp
1 f—
L L S B
4 . i
Trvatron Exclusion L. i "u ]
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
T n
- ATLAS Preliminary R
- —— Observed CLs 1
--- Expected j Ldt =1.0-1.2 fbo
10 —
- Bx+1o \s=7TeV 3
[]+2c _
TRyl TN E
L ..Iy..\I....I....I..\._
200 300 400 500 600
my, [GeV]
| CMS Preliminary, s =7 TeV ' [—.— CL, Observed
Combined, L =1.11b" 55 CLg Expected + 1o
T CL¢ Expected + 26
------- Bayesian Observed
1 =
| PR S T S ST ST SO AT S ST TN S S AT AT SN A AN ST S AT W)
100 200 300 400 500 600

Higgs boson mass (GeV/c?)

LEP

FNAL

ATLAS

CMS

All

100

Simple OR of
exclusions (*)

200

400
M, (GeV)

250 300 350 450
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95% CL Limit/SM

95% CL Limit on /oy,

‘ Summary of Current Limits I

Tevatron Run I Prellmmary, L<86

o™

' LEP Exclusion |

vvvvvvvvvvvv

Tevatron

-
o

Exclusion,

—

Tevatron Exclusion
i

.........

100 110 120 130 140 150 160 170 180 190 200

mH(GeV/c )
e S e e e LA n
- ATLAS Preliminary R
- —— Observed CLs 1
--- Expected j Ldt =1.0-1.2 fbo
10 —
. Bx+1o Vs =7 TeV ]
[]+2c _
TRyl TN E
L PR SR ST S ST T ST SO ST T S SO S S SN SO S S fl
200 300 400 500 600
my, [GeV]
| CMS Preliminary, s =7 TeV ' [—.— CL, Observed
Combined, L =1.11b" 55 CLg Expected + 1o
T CL¢ Expected + 26
------- Bayesian Observed

T T TTTTT

A R S S S SR SIS S S SR SR A ATy
100 200 300

200 500 600

Higgs boson mass (GeV/c?)

95% C.L. region
preferred by fit to NOT EXCLUDED

precision EW data

LEP

FNAL
ATLAS
CMS
All
100 150 200 250 300 350 400 450
M, (GeV)
Simple OR of
exclusions (*) 31
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G/O‘SM

‘ Any Hints of an Excess? I

» Searches dominated by gg—=>H production show interesting common features near
m~140 GeV (inside region preferred by EW precision data):

10 gy R S SO S ,
E o oy e e e o
------ ATLAS expected % . LEP Echusnon § Tevatron
P — CMS Observed 7] E 10 - e o i EXCIUSIon:
-« CMS expected — B l gb:E;v::cted L. : 1
| I - +2cExpected ... i
o | TR ey
x T
Tg]
1 o
[ 1
_ I T — | SEET i——
ﬂézf' : 100 110 120 130 140 150 160 170 180 190 200
L x|||l 111 ol [ mH(GeV/c)
150 200 250 300 350 400 450 500 550 600

my [GeV]
* Local p-values near m~140 GeV: ~2.5-30 for individual results (ATLAS and CMS
combinations).

» Individual excesses not significant after taking into account look-elsewhere effect but...
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G/O‘SM

‘ Any Hints of an Excess? I

» Searches dominated by gg—=>H production show interesting common features near
m~140 GeV (inside region preferred by EW precision data):

10 gy R S SO S ,
E o oy e e e o
------ ATLAS expected 5 . LEP Echusnon Tevatron
= CMS Observed ] E 10 i """"" EXCIUSIon:'
- CMSexpecled = @/ | i gb:E;v::cted U : :
o - .. - 2o Expected .
‘_.f‘. O L.......... - H P ........................
x T
Tg]
1 o
[ 1
,. E § - :l ‘<—’ F ‘Teva‘tr‘o‘n’EXdﬂ ’ ‘ ,,,,,,,,,,,, -1‘u|y17 2011
ﬂézf' : 100 110 120 130 140 150 160 170 180 190 200
L x|||l 111 ol [ mH(GeV/c)
150 200 250 300 350 400 450 500 550 600

my [GeV]
* Local p-values near m~140 GeV: ~2.5-30 for individual results (ATLAS and CMS
combinations).
» Individual excesses not significant after taking into account look-elsewhere effect but...
..exciting prospects for the upcoming updated results and ATLAS+CMS combinatidn!
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95% C.L. Limit/4G(low mass) Prediction

‘ Higgs in 4" Generation Models I

Sequential 4t generation of fermions consistent with
precision EW data. Higgs boson naturally heavy.

Additional quarks enhance by x3 the ggH coupling.

Higgs production cross sections:

* gg—~>H enhanced by ~x9-7 for m;~ 100-300 GeV
» Rest of production modes remain at SM rate.

T l T T T l T T T l T T T l T T T
Tevatron Run II Prellmmary
L—8 2 fb '

lltl

!

Expeoted
Observed :
1§ 4. Expected
...+2 s.d, E‘{pected
4G(ngh mﬂss)

R R

4G(Low m'lss) l

120 140 160 180 200 220 240 260 280 30
m,, (GeV)

%)
b
“
S
-
O

Leptons

| CMS Pre'lirﬁin'aril, Vs=7TeV [ CL Observed
1ol Combined, L, =1.1 o B CL Expected + 1o
OF Standard model with4 | = CL Expected + 20
- generations of fermions R - Bayesian Observed ||
i - Excluded at 95% CL:
120<m,,<600 GeV
100 200 300 400 500 600

SM4 Higgs boson mass (GeV/c?)



‘ MSSM Higgs Bosons I

MSSM: extended Higgs sector (Type || 2HDM model)

Neutral Higgs bosons at high tanf:
o ®9={hO/HO A% nearly degenerated in mass
« Coupling to b, T enhanced (octanf)

Op+x ~ 2x tanzﬁ X (0®+X)SM
BR(®°—bb)~90%, BR(P*—t*t)~10%

9

« Three complementary channels with
comparable sensitivity:

g -
b S () PO—t+t
> <
g v

9 b(b)+dO—bbb(b)

b(b)+®O—ttb(b)

@ production cross section [fb]

He HO
- (). ()

« After EWSB: four massive scalars (h%,H° H*) and one pseudo-scalar (A).
« Attree level: parameterized in terms of M, and tanp = v /v,
Significant impact from radiative corrections on masses and couplings.

- =1.96 TeV —h 3
- (‘no mixing, tanp = 40

M, [GeV]
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2

b b -E' DO
. g OO = 0.5
N ) g s —M, =120 GeV
o> -----<I)<b o - —M, = 180 GeV
7 ; b o 0.2__ —M, =240 GeV
b 0BT 0.15"
0.1:—
* Searches so far only carried out at the Tevatron. 0,05k r |
: : . D .-n-*___e— .
« Experimental signature: 50 100 150 200 250 300
« 3,4 or=5jets; =3 b-tags M [GeV]

« Invariant mass of leading two jets peaks at M,
Best Fit (with signal template)

. Backgrounds dominated by heavy flavor-enriched 2% B bb
QCD multijets: 32000 : EE;
- Composition estimated from data o™ W
« Shape extracted from 2-tag sample or MC E"m : ;02150
simulation ézzz o CDF 26/t
()

* Rate normalized outside the “signal region”

overflow

0
50 100 150 200 25 300 350
dijet mass m, , (GeV/c?)



g

g v

m—»—b
g q
b ........... q_) -—————(I)
g q
VT
h

* Require 21 leptonic tau decays: T,T,,9 TeThag, TeTy, T, T,

* Inclusive and exclusive (assoc. production) analyses
involve different diagrams.

» Also differently sensitive to backgrounds:

* No b-tag: Z->tt dominates
« B-tagged: ttbar dominates

2 104 : I L] I L] LI ) L) I L) L] L] L] I L] L]
c CMS Preliminary
g 1.1 b \/e=7 TeV
wl TyTh i
N ¢—TT (m =120, tang=20)
10° F —e— (Observed 3

ClZ-w
—
I Electroweak

1025 [—/JaQcb

T, Thad/NO b-tag

10

0 100

% 2 L e T
\\ o ‘
i =
2
8
euw/inclusive
150 550
m,, effective [GeV]
DJ, L=73f" ; data
7 Pl Ml B Z +jets
120F (b) All7, types g -
10 SSELLS
i I Other
w8 =i Sig m =110 GeV/c?
= (tanp = 40, m, ™=x)
6
o
4 ‘EM‘Ehad/b-tag
20 s R
- SSSSS

-0.4

-0.2 0 0.2 0.4 0.6

D, [m,=110GeV/c?]



‘ Any Hints of an Excess? I

95% C.L. upper limits

o=>bb

« Both CDF and DO see ~2¢c excesses
around m,~120-150 GeV.

» Updated analyses and Tevatron
combination underway.

CDF, 2.6 fb-' ---- expected limit
1o band

2¢ band
observed limit

o(PP—>¢+b ., )xBR(¢—bb) (pb)

[ bp->bbb

I | I l | I l | I I | I T — l | T

100 150 200 250 300 350
m, (GeV/c?)
DO, 5.2fb™" Model Independent

(negligible width)

2

Expected
Expected =1 s.d.
I Expected +2 s.d.
— Observed

1

1 llll]l‘l]

bo=>bbb

-l

Cross section x Br 95% C.L. [pb]
=

PR PR T
250 300
M, [GeV]

PO TR [N TR RN SR S ST S S
150 200

e [TTTTT]
o._
(=18



‘ Any Hints of an Excess? I

o=>bb

Both CDF and DOJ see ~2c excesses
around m,~120-150 GeV.

Updated analyses and Tevatron
combination underway.

d2>TT

Tevatron searches don'’t observe any
significant excess.

S(PP—>¢+b,)xBR(¢—bb) (pb)

Limit o(bo) x Br( ¢— 171) [pb]
Q

95% C.L. upper limits

CDF, 2.6 fb-' ---- expected limit
1o band

2¢ band
observed limit

[ bp->bbb

l | I l | I l | I I | I T — l | I

R 150 200 250 300 350
m, (GeV/c?)
ID_@_, L= l7-_3_1‘1?'1_ - Observed limit

N SRR S see ss e wa e Ses fuine

_____ Expected limit
| Exp. limit + 2¢
. Exp. limit + 1o

[
100

P PR
200 »250 300
m, [ GeV/c”]

PR
150



‘ Any Hints of an Excess? I

95% C.L. upper Iimits CDF. 2.6 fb-"

o=>bb

« Both CDF and DO see ~2¢c excesses
around m,~120-150 GeV.

« Updated analyses and Tevatron
combination underway.

=+ expected limit
B foband
I 2oband
— observed limit

(PP —>d+b )<BR(¢—>bb) (Pb)

d2>TT

« Tevatron searches don’t observe any bo—=>bbb
significant excess. 1 T

« However, the highest sensitivity result L A 0
available at the LHC observes broad | m, (GeVlc')

excess in m,~100-300 GeV, with a = 10 T T I T3
. . e I —e@— Expected CLs Limit -
~20 deviation at m,~150 GeV. @ NS =7 Tev, 1.1 b o 3
o | served CLs Limit -
/;\8 10k Signal acceptance model —
'T-‘ - assumes MSSM and tanfs=30 3
= ! i
oC
m 1 —
Combination of Tevatron and LHC results 33 : | 3
will be eventually required to start - o>TT
assembling a consistent picture. 10 |

TN N PR PEP T S A R R
100 200 300 400 500
: m, [GeV]



tanp

Interpretations within the MSSM

CMS Preliminary 2011 1.1 b

Q.
c
©
—
7] D@ exclusion
.| LEP exclusion
5 ‘ ,"‘Fﬁ:;% CL excluded regions
30§ -/~ [C] CMS observed
- +1o theory
20 S ........... CMS expected
e [ 3 b
"""""""""""""" I EgP73fb I Dg Observed
o —— CMS 2010 observed — D@ Expected
10~ CMS 2010 expected
MSSM m;* scenario, M, =1TeV
] + v 3 v T 0T T17T 53+t 71T rvr—TT+t—T"T77
150 200 250 300 350 400 450 500 100 150 200 250 300
m, [GeV] M, [GeV]
Combination of H* and (b)®%—(b)t*t Combination of bd°—btt and b®°—bbb

Already probing below “interesting” tanf3~30 region over wide mass range!
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Prospects

43



‘ LHC Prospects I

—
N

-l ATLAS Preliminary (Simulation) / |
' -#4- 50 \5=7 TeV | - 50\s=8TeV [ |
:,.-.. "“‘&"3’6\%:‘71’6\/"5'5"36'\%:'8‘:76\7"’/'"‘;’ -

T

—
o

‘o ]
b i : -
> Vi ? _
= I} i
w t‘Er..... : ; ' ; p—
e r \ - k- 95% CL\5=7 TeV-~ % —A— 95% CL\5=8 Tev g
et : SO P H
- T A y I 5
3 C X : =
- ' i . : '
o [ 4\ s ; , F
O Wi ' i
c F Lil
= 4
— l‘E 1
DWW\
2—.. —— :.l;‘...
- e
EPS 2011  ==—pme—sc ke

120 150 200 300 400 SCIJO

my [GeV]
 LHC experiments have made an impressive start and have a great future.
» Largest gain in the short term will come from increased luminosity:

 Combination of ATLAS and CMS in the near future.

?
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‘ LHC Prospects I

3_312: ATLAS Preliminary (Simulation) / |
> L -@4- 56 \5=7 TeV | - 50\E8iTeV | |
'g 10 — i 3 ST Tyl VS BiTeV
£ F
£ s
- —
'o —
o _
© 61—
End of 20117 =@ =F —————-
T
— 4:__ ......
0 120 150 200 300 400 500
my [GeV]

 LHC experiments have made an impressive start and have a great future.
» Largest gain in the short term will come from increased luminosity:
« Combination of ATLAS and CMS in the near future.

« ~5 fb'/exp by end of 2011: exclusion potential over entire mass range or
5o observation if my=140 GeV, per experiment!
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‘ LHC Prospects I

ATLAS Preliminary (Simulation) / |

-#i-56\S=7TeV  |—6—-50\s=8TeV /| |
sl e g s -y e e e

—
N

End of 20127 510

(o))

Integrated Luminogity, fb™
Q0

=N

I'ITI]IT[II'I[I]‘III'[IIFII

-

- -

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

120 150 200 300 400 500

my [GeV]
 LHC experiments have made an impressive start and have a great future.

» Largest gain in the short term will come from increased luminosity:
« Combination of ATLAS and CMS in the near future.

« ~5 fb'/exp by end of 2011: exclusion potential over entire mass range or
5o observation if my=140 GeV, per experiment!

« ~10 fb-'/exp by end of 2012?: discovery potential for m,;>130 GeV, per experiment!
« Sensitivity at low mass reliant largely upon H->yy and H>WW.

o
o
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95% CL Expected Limit/SM

‘ Tevatron Prospects I

Tevatron Run il Preliminary Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb!

10_ | S | S B g ”!I” I':lxpectedi +15éxpected“lg””gllu
——  Nov 20095.41fb" Projection: . _:Er 10 = Obsetved |:| +2¢ Expected
— Q20106767 --ee- 10 fo”"/exp + Improvements| £ e e
a 1 =
——  Jul2011,861b -
QO L i |
o
Ty}
o
1 1 s
..... July 17,2011 ) e T iy 2011 |
100 110 120 130 140 150 160 170 180 190 20( 100 105 110 115 120 125 130 135 140 145 150
m,,(GeV/c?) m,, (GeVic?)

« Tevatron experiments will help complete the picture.
« Best current limits for m;<130 GeV and a unique window into H->bb.
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95% CL Expected Limit/SM

‘ Tevatron Prospects I

Tevatron Run Il Preliminary

—
o

—

L T T

LB | I L ] IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
% SLELL éxpecteél [ +1<5éxpected I I
Nov 2009 5.4 fb” 44 — Observed 26 Expected 3
-1 -1 o L .
— Jul20106.7f0> = ----- 10 fb" /exp + improvements g TevatronExelumon
-1 B o, H :
Jul 2011,8.6 fb 1
&
Q
o~
m H .
m lllllll H H
----- i | SM:
\\\\\ July 17, 2011

100 110 120 130 140 150 160 170 180 190 20('.

mH(GeV/c )

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb!

Tevatron experiments will help complete the picture.
Best current limits for m;<130 GeV and a unique window into H->bb.
Tevatron experiments will collect data through Sept. 30, 2011.
Current results based on ~8 fb-' on average. Expect ~10 fb-! by Winter 2012.

Including ongoing analysis improvements: exclusion potential for m;<190 GeV and

~2.5-30 sensitivity for m;~115-150 GeV.

100 105 110 115 120 125 130 135 140 145 150

m,, (GeV/c )
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‘ Conclusions I

Over the last year we have made major progress in our
exploration of the Higgs sector:
» Large regions of mass are excluded for the SM Higgs.

An excess at m;~140 GeV is observed, so far
consistent with both, a background fluctuation, or an
emerging signal.

* Searches for non-SM Higgs also show interesting
features.
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‘ Conclusions I

» Over the last year we have made major progress in our
exploration of the Higgs sector:

» Large regions of mass are excluded for the SM Higgs.

An excess at m;~140 GeV is observed, so far
consistent with both, a background fluctuation, or an
emerging signal.

* Searches for non-SM Higgs also show interesting
features.

» Over the next year we will make another quantum leap:

 The LHC experiments will have increased by x5 their
dataset and produced combined results.

» The Tevatron experiments will have analyzed their full
dataset.

« Both machines are sensitively probing the Higgs
sector in complementary ways.
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‘ Conclusions I

» Over the last year we have made major progress in our
exploration of the Higgs sector:

» Large regions of mass are excluded for the SM Higgs.

An excess at m;~140 GeV is observed, so far
consistent with both, a background fluctuation, or an
emerging signal.

* Searches for non-SM Higgs also show interesting
features.

» Over the next year we will make another quantum leap:

 The LHC experiments will have increased by x5 their
dataset and produced combined results.

» The Tevatron experiments will have analyzed their full
dataset.

« Both machines are sensitively probing the Higgs
sector in complementary ways.

Exciting times ahead!
Please stay tuned!
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‘ Disclaimer I

« There is a large number of exciting results that could not be covered in this
talk due to time limitations.

» For more detailed information see the set of excellent talks presented at the
Higgs Physics parallel sessions:

and the experiments’ public webpages:

@AM AS

EXPERIMENT

8i
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‘ The Look-Elsewhere Effect I

* The look-elsewhere effect (LEE) is
significant in Higgs searches
— Higgs mass is unknown a priori

— Each channel can represent many
effective measurements (Trial Factor)

— If errors are correctly estimated, ~2%
of measurements will fluctuate up by
2G or more — expect to see bumps!

* Resolution is the key parameter

— For a given search window: higher
resolution — larger LEE

— Local p-value plot will show features
with frequency driven by resolution

P-value plot: roadmap

Is it consistent with the SM Higgs?
(here 0 ~ 3 X agy)

-
o

Best fit o/ag,,

o

—_

107

Local p-value

104 Is there a bump?
(here p-value ~ 2%)

PR SRR S T ST SRS A S S ST S S PR PR S B ST T
110 115 120 125 130 135 140
Higgs boson mass (GeVic)

LEE in modes with high resolution
gives trial factors O(20-100)
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‘ Stalking the Higgs Boson I

Indirect constraints

* Precision electroweak observables are
sensitive to the Higgs boson mass via
gquantum corrections.

6 TN m, . =161 GeV
| (5)
5 - pi Al = i : |
11 —0.02750+0.00033 i !
] i1 0.02749+0.00010 ff ¢
44 it incl. low Q°data §ff ¢ _
% 5l
< :; ]
2 - GeV |
1- -
0 | Excluded e A
30 100 30C

m,, [GeV]

m.< 161 GeV (95% CL)

t

b
H

/ \
W.Z ~r~n~nA~AA~~n~nn~n~nn~n~~ W 7

re

2
AM,, < m;, logm,

80.5 July2011l : . : .
— LEP2 and Tevatron

| - LEP1 and SLD
68% CL




‘ Stalking the Higgs Boson I

LEP 1989-2000 Direct searches at LEP

« Tantalizing hints (~1.70) of a SM-like
Higgs boson with my~115 GeV:

- — ——
— J — $ e
o~ =%

SO N i .
Z3R N L 5, L LEP  v5=200209 Gev Tight
% : -+~ Data
QO 6 3 || Background
o - [ Signal (115 GeV/c?)
~~ 5 -
3 [ [ 2
= N | all >109 GeV/e
___________ 4 4 Data 18 4
m r | Backgd 14 12
3 [iSignal | 29 22
2 -
1 =
Lo rh
00 "2

mrec (GeV/c?)

onl

m.> 114.4 GeV (95% CL)




‘ Nature May Just Be More Complicated... I

= Probing multiple production and decay modes critical for model discrimination

Composite Higgs Models arXiv:1003.3251
1 E_l T T ] T T T T I T T T . 1 : T T T I T T T T T T T T T T L— T N
b WW ., ww ]
- BR(H) i BR(H) 7
[MCHMs =08  / \ . MCHMS =05 L. 1
10.‘ - + 10-| TP Y :. .
RS 2z; :
- Y
102 | wte ", E
: * Z-Y . .';.,‘\..e.. :
10'3 .............. s 10'3 1 ! l: l L L L L l L L L L l L La l L l L L L L
80 100 150 200 80 100 150 200
M, [GeV] M, [GeV]
m, =135 GeV m_ =135 GeV

Enhanced B(H—>bb)

Suppressed couplings to fermions
(also means no gg—>H production!)
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‘ Searching for H>vyy I

@ Irreducible : yy(+jets) (Born, fragmentation processes, box)

§ 4/
I

—_—

A

5

@ Reducible : y/jet(s), jet(s)/jet(s)
@ Drell-Yan events : both e misidentified as v

-

—

5 b

« Detailed understanding of background composition achieved via data-driven techniques.
« Background fitted to exponential model and side-band analysis performed in different

categories
tr AR L L IR L AL B
§ CMS preliminary . Data ]
8 500 \s=7TeVL=1001b" ([ 2prompt -
. Dipromptﬂhkey ]
= [ atakey _:
o) [] Drell-Yan .
c ]
g —
i All categories 1

%0 90 100 110 120 130 140 150 160 170 180

m,, (GeV/c?)

Events / 2.0 GeV

Converted-central

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary
Data 2011 \I§=7Tev,j|.m =108f"
Corvarted cortral

¢ Data 2011
—— Exponantial 1t

+

IllllllllllllllllIlIlIlIllIlI-
B T S R K T R N

My, [GeV]
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‘ Searching for H>vyy I

Tevatron (7-8.2 fb-1): expected limit ~8.5xSM

Tevatron Run Il Preliminary H—yy L <8.2 fo™!
—_—— T T T T T T :
o o B toExpected

95% CL Limit/SM

LHC: Large dataset and refinements to analysis

1 N

126 Expected

July 17,2011 |

T I R AR ‘
100 110 120 130 140 150

m,,(GeV/c?)

has lead to big jump in sensitivity:

Expected limits ~4xSM
No significant excess seen

Observed limit consistent with statistical
fluctuations around the background-only
hypothesis

oxBR(H-7Y)/SM @ 95% CL

10°F  —Observed CL limt =

E Expected CL_ limit .

- 1o ATLAS Preliminary ]

i + 96 Data 2011, \'s =7 TeV _
Ldt=1.08 b

10 j -
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—
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—
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o
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110 115 120 125 130 135 140 145 150
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‘ H->bb: Multivariate Techniques I

ZH—>vvbb Analvsns sample (two b-ta gs

Multivariate techniques are used to improve = 4505 MJ DT >0.0 w DO Preliminary (6.2 fb")
signal-to-background ratios » 300E =I‘1‘h’.f.+w
. £ 350 - i
Boosted Decision Trees = 3005 i
Neural Networks 3

Matrix Element Discriminants
=>» Typically achieve S/B of ~1/5-1/25
S/B ~1/100 for dijet mass alone e ot I —— S i

F|naI Dlscrlmlnant

All Lepton Types
ST+ST CDF Run Il Preliminary (5.7 fb™)

1 04 —e— Data

[ Nonw

[ Z+jets

I diboson(WW,WZ,ZZ)
[ Single top (t-ch)
[ Slngle top (s-ch)

DT D@ Preliminary, 5.2 fb™

10°

I W6
2 [ I— VNN
10 Higgs WH/ZH (115GeV) x 5

Events / 0.05

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 -
BNN output (M RF Output




‘ Searching for H->bb I

95% CL Limits at my = 115 GeV

Channel Exp/obs Limit
(0/SM)
| WHIvbb (7.5 fb1) 2.7/2.6
ZH->vvbb (7.8 fb-1) 2.9/2.3
|| ZH>1*1bb (7.9 fb-1) 3.9/4.8
| WH>Ibb (8.5 1) 3.5/4.6
ZH->vvbb (8.4 fb1) 4.0/3.2
|| ZH>1*1bb (8.6 fb) 4.8/4.9
WH->Ivbb (1.0 fb) ~25/20
ZH->1*1bb (1.0 fb1) ~25/20
| VHAVBF>jibb (4.0 o) 17.8/9.1
ttH-> I +jets (7.5 fb1) 11.722.9
| ttH->jets (5.7 o) 20.2/28.1

Tevatron Run Il Preliminary H—>bb Combination, L < 8.6 fo!

= Observed +2c Expected

-
o
|

. Tevatron Exclusion

95% CL Limit/SM

© Julyi17,2011

100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?)

At 115-120 GeV
— Almost at 1*SM sensitivity
— No excess seen
— Inconsistent with CMS & ATLAS

At 130-140 GeV
- 2*SM-3*SM sensitivity
— No excess seen —would expect observed limit to be 1*SM high
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‘ Searching for H>tt I

* H-—tt: second largest BR(~8%) at low mass!

» Large hadronic tau branching ratio requires to
achieve excellent tau identification performance:

efficiency: ~50-65%, jet fake rate: ~1-2%

 Z->7t standard candle useful for calibration

purposes.
CMS Preliminary 2010,\s=7 TeV, 36 pb" CMS 36pbt at\S=7TeV
0'8 I I T T T T I T T T T I T T T T I T T T T
® Data NNLO, FEWZ+MSTW08 [PDF4LHC 68% CL] (60-120 GeV)
OdZ—re i
0.6 MW+ists Hie-H /Z — 1T (combined)
il | ti(l:eDwk
ma ’ et Te + Thad
0.4 e+ T +Thag
P F——e—A Tt
¢
0.2 ——H Te+T,
ot Z - ee,up
II Iuminosityl uncertainty not shown
0 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1
T ra’(s) o 05 1 15 2 25
hadron hadron+strip 3 hadrons

s
s
7,
/
Y

",

s

v

o(pp — ZX) x B(Z — 11) [nb]

o(pp = ZX) xB(Z — t1) [nb]

s
N

1.1

o
©

o
[2)

S
o~

CMS

T I T T T I T T T I T T T

36 pb™ at VS=7TeV 1

B esccL
[] 9s%cL

— central value

po v bev e by vy s ey aa

PR S T | P i PR S S T
6 08 1 12 14
Tnae-1D Efficiency (data/sim)
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Searching for H>tt

* Many possible signal topologies to be explored!

5 o
.— Two forward jets

Low central-jet activity

\v

\

\

i)

" CMS Experiment at LHC, CERN
. Data recorded: Fri May 20 01:10:36 2011 CEST
Run/Event: 165364 / 356120525

Hadronic W/Z resonance u Lumi section: 285
DO Preliminary, L=4.3 fb"

e data
- Signalx100
I My

B
- | B w+jets— lv+jet
[ z+jets— tt+jets
| B z+jets— ll+jets
[ ] DiBoson

Events / 10.0

IIIIII[IIlIIIIIIII|IIII|IIII|I

=

100 150 200 250
M, (GeV)




Searching for H>tt

Many possible signal topologies to be explored!

.

\

i

CMS Experiment at LHC, CERN
Data recorded: Fri May 20 01:10:36 2011 CEST

3o0r4 Ieptons+MET Run/Event: 165364 / 356120525

Lumi section: 285

\‘

CDF RUN I PRELIMINARY @ 6.2 fb™’

C_I1wz/zz

.| 0 Z+jets/Zy
[ Top

[ W+jets/Wvy

] QCD etc.
| B3 Total Err.
—=— Data

s=<< Signal < 200
(M_=115GeV/c?)|"

Number of Events

—

O a4 N W & 00 O N O O

(o] 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
SVM Response



‘ Searching for H>tt I

Comparable sensitivity for different
searches.

Large potential for improvement in the
near future:

* More data to analyze.

* Further refinements to analysis
possible.

95% CL Limits at m, = 115 GeV

Channel Exp/obs Limit
(o/SM)
tt+1j,2j (6.0 fb1) 15.2/14.7
llet/lvee (6.2 fbT) 17.3/18.5
tt+2j (5.4 1) 12.8/32.8
VBF tt+2j (1.1 fb1) 9.0/9.0

*BRH—-1t1)

5(95% C.L. Limit)/c(SM)

G X BR(H—m)gs% CLs/GSM

CDF Run Il Preliminary [ Ldt=6.0fb"
===s=s: Expected
i . 1o
1 1 +20
1 02 .__'T:C+:1'J,2J..;.Observed:1 e o o e o el
Standard Model i
1 - -
100 120 140
M, (GeV/c?)
30 | T T L T 1 L3 T L
CMS preliminary —@— Expected CLs Limit
s =7 TeV, 1.1 fb"
25 — Observed CL= Limit
ook VBF tt+2j
15
10

llllllll

LI

30 140
my [GeV]

A A 1 A
110 120



‘ H>WW=>lvlv I

= LA L B (LN A L L B L B LB L B B T
 Consistent exclusions by four experiments: g"’ J?L ATLAS Preliminary HoWWO S iy |
« Tevatron: 156-177 GeV (obs) s F ‘_’:‘E)f:s;‘t’:: _[Ldt-1 ot
« ATLAS: 158-186 GeV (obs) g - W+1o B 7T' y ]
\S = e
- CMS: 150-193 GeV (obs) o 10p §\ H*2° =
2 :
but also tantalizing broad excesses in i i
~120-160 GeV mass region.... L N\ E
(Mass resolution ~20%). - -
120740 160 180 200 220 240
Tevatron Run |l Prellminary H-WW Combination, L<86f" M“ [GeV]
= ! T ‘E tod L L L % 'CMSPreiiminar)},\'s=7feV """"
n — O;z:crvad Tevatron \D° " H- WW combined, L =1.09 b’
E 10 8 +10 Expected e ey EXC'USIOn_I f -
£ i - 520 kxpected - S 1 © 10 =
: - —
3 2
o | o
2 O
n
(=]
1 [
"'e—LEP Exclusion . |
LLLLL o Julyl? 20" r

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



M, after p;!! cut:

H->WW-=>Iviv/0-jet @ ATLAS

Ao, after my cut:

M; after all cuts:

§ Of AAsPGimnay o ] 2 S A iSirmnay | o Catrem | 3 o ATLASPromnan < ow - simems
g \E-7Tw._[L¢-1.uD" O Do P \§-7w,de-r::4ym" B Boaen é E 57TV, La.':;"y.," E:” E F
- HA b -0 e . g % ERs E= HSWWosk i 4 0jet R Z s ] Wops fta cvvory
8 5 18 .t Qe 2
5 ® 154
20 - 3 £
O o ——— : . e Lo E : 3
S s E CED i l 18 7 ' 5
SN STRIT ‘ I R T 18 M {]
3 + H (a] “; 3 8 1E
e B L 550~ 550 Y S T W S— o Y SN SN N S——
0 0.5 1 1.5 2 25 3 60 80 100 120 140 160 180 200 220 240
Val[GeV] As(l) [rad] M, [GeV]
Selection Signal WW W+jels  Z/y*+jets i IW/thj/tqgh  WZ/ZZ{Wy  Total Bkg. | Observed
Jet Veto 50+11 260 + 30 46 £ 17 80+ 70 22+ 8 17+4 78+1.5 430 + 100 453
IPX| > 30 GeV 48+10 230+20 38=:14 15+6 19+7 16 + 4 73+14 330 + 50 371
mee < 50 GeV 34+7 59+8 113 7+4 2718 28+08 09+03 83+ 11 116
Adg < 1.3 307 66 5818 S5x3 28x1.7 2808 08=0.2 Al 30
0.75 xmy < mt < my 21 £4 263 2909 1+2 1.6£1.2 0704 0.6 0.2 33+5 49
ee 3.1+0.7 3707 05+0.2 04 +06 0.0+0.6 0.0+0.2 0.05+0.19 47+ 1.2 i
ey 11+2 13419 1.7x07 00 1.1£08 04+03 04+03 172 21
papt 69+15 88+x13 0705 0520 0408 03+03 0.18 +0.19 113 21




Entries / 10 GeV

Data/MC

H>WW==>Iviv/1-jet @ ATLAS

M, after Z->17 veto: Ao, after m cut: M; after all cuts:

_ATLASProliminary - 'o.'.";'a;.;,.'.'.;," pi 'kius"'i:}ein'n‘my"""i'd-' ';"a-'-u'-i-'-'-; ' g . Om - SMmEemw
- . wWazZzZW ~ - P WHN WZZZWy _ WZ/ZZ'Wy -
\E=7 T, | Ldt-1.04m" ! 2 \E=7 TV, | Lat-1.04m" Of [OSwgewe o 14 \s-7Tev,JLd-1mb" Er’ Emm r
s HoWWoiviv + 1 et B Zopots O] Wops ~  qoF HoWW-kb +1jet [ Zojots ] Woejots fdata dven)
ﬁ CIHpsq) 8 [ Hpsy

s

€

w

Illlllllllllllllllllllll

c ] . . . g ‘E I 1 . 1 g e T E s mm e ——— =
155+ 1 = 15F e : p f E
AL Lt 1§ H I | 1§ E i ;
1E 11'} =] | k a IE l I g 1 E
Y| S Sl N ¥ Yt LAY S N 1| . S S| S— = : ' :
0 T0 T 20 =0 ooes T 1s 22 8 O 6080 100 10 140 150 160 200 220 240
M, [GeV] A(ll) [rad] M, [GeV]
Selection Signal ww W+jets Z]y*+jets 1 iWjtbftgh ~ WZ/ZZ/Wy  Total Bkg. | Observed
I jet 23+ 4 9219 20 10 40 = 30 240 = 60 88+ 13 6.2+£0.8 490 £ 70 465
b-jet veto 23+4 91+9 19+ 10 40 + 30 140 + 40 45+7 6.1 £0.8 340 + 50 333
P < 30 GeV 19+3 76 £ 8 9+5 25+ 19 80+ 20 56 4.1 +£05 230 + 40 221
Z — rrvelo 19+ 4 74+ 8 105 20+ 10 80+ 19 33+5 40+0.7 220+ 17 212
mee < 50 GeV 13+£3 16 +3 1.2+0.5 34+16 12+4 12+1.7 09+0.2 41+5 56
Adee < 1.3 112 132 1.0£0.5 B 11 +4 6.3+ 1.5 0.74 £ 0.20 33+ S 4
075 xXmy <mpr<my | 7216 62%13 05+09 04+06 49+1.7 2.3x0.7 034 +£0.16 153 21
ee 09+£03 08+£03 0.08 £ 0.04 0.0+04 0.8+£1.0 0.2+04 0.06 £ 0.08 20£1.2 4
ey 40+09 35+08 04+0.2 04 +0.7 31+13 1.2+ 0.6 024 +0.13 3819 8
pt 23+0.5 19+ 04 0.0x0.8 0004 1.1+ 1.] 08 +0.7 0.04 + 0.07 39+1.7 9




entries / 5 GeV/ic?

entries

‘ H>WW->Ilviv @ CMS I

L) I L] L) ] L] ] L] L) ] I L) ] L] L)
- = data Zvets  CMS preliminary
60 | — me130 op L= 11857 —

m, [GeV/c?]

L] L) Ll L) l L] L] L) L) l L) L] L] L) l T T Ll L]

[ e ca [l 4= CMS preliminary |

- — m~130 top Letam"
a0l 1 ww B wzzz -
o . . N
- ee+uu/O-jet -

20 |- m

"ﬁi«;f + ‘

L e 1

0 PURE ST SR T [T ST S S T | —'—i_i_:_& 1
-1 -05 0 05 1
MVA Output

150 200

entries / 10 GeV/c?

entries

60

~=data [l Zvets  CMS preliminary

— my=130 top L=t _
ww ] wzzz 4
[ Wejets

A 0%

m, [GeV/c?]

150 200

40

20

[ w-dam |l s CMS preliminary

+++_i*i-___+i+;

— my130 1op Le 115"
ww ] wzzz -
- W jets

eetuu/1-jet y

-1

ottt

0 05 1
MVA Output

-0.
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‘ H>WW-=>Iviv @ CMS I

MVA analysis

CMS Preliminary, \s = 7 TeV "]
' H-> WW combined, L_ = 1.09fb"

-t
o

CL, limit o, /0y,

180 200 220 240
Higgs boson mass (GeV/c?)

Exp.: [130 - 200] GeV

| i | ’
120 140 160

Obs.: [150 - 193] GeV

CL limit 6., /0q,,

cut-based analysis

cMms P'reiimmixry, ve=7TeV P

H — WW combined (cuts), L =1.09 fo'

—t
o

b

980 200 220 240
Higgs boson mass (GeV/c?)

Exp.: [135 - 190] GeV
Obs.: [150 - 190] GeV

| W
120 140 160
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CL, limit 6,.,./05,,

CLg limit 64, /Oy

H>WW-=>Iviv @ CMS

T H— WW + 0 jets (cuts), L =109 b’

IO;

cms Preiminary,\s = 7 TeV

0 jet Cut-based

240
Higgs boson mass (GeV/c?)

1
120 140 160 180 200 220

" Ho>WW 4 Ojots, L =1.09 0"

CMS Preliminary, \s = 7 TeV

0 jet

PR

180 200 220 240
Higgs boson mass (GeV/c?)

CMS Preliminary, \s = 7 TeV

H— WW 2 jots, L =1.08 b Cut baSed

2 jets (VBF)

1111

Il 1

1 1 1 |
120 140 160 180 200 220 240
Higgs boson mass (GeV/c?)

F | CmS Preliminary, s = 7 TeV |
% - H—)WW+1jel(uA5|,Lm=1.09!b"
'}
€ Cut-based
= o
£ 10 1jet
g
o
17‘
F ] =
[ 1 = 2l
C ] \c-n 1[)2
| 1 | | 3:
120 140 160 180 200 220 240 8
Higgs boson mass (GeV/c?) z
=m
o
b% . CMS Preliminary, \s = 7 TeV ! !
= FHoOWW L Tjet, L =1.09f" 1E
i | MVA
o
£ 10 1jet
Az
(@)

L . | L L
180 200 220 240
Higgs boson mass (GeV/c?)
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‘ H->WW->Ivlv Signal Injection Test @ CMS I

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

CMS Preliminary, \'s = 7 TeV
H—WW+0jets, L =1.09 fo’

-—h
o

CL limit Gye, /Geyy

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

1
120 140 160 180 200 220 240
Higgs boson mass (GeV/c?)

Y57 UL LIMIT ON 6/Gg,,
oo

-
N

-
o

IIIIIIIIIIIIIIIIIIIIIl

Signal (m,=140 GeV) injected
into background MC

H— WW — 212y + 0 jets

______ bkgd-only: median
I bkgd-only: 16 band

bkgd-only: 2 ¢ band
—&— observed

1 | | | 1 1 1 1 1 1 | 1
120 140 160 1 éO 200
Higgs mass, m [GeV/cz]
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‘ Local p-values @ CMS I

H>WW-=>Ivlv
2 ‘ 1 1 1 1 1 1 LI I rrrrrrnra llilllllllll L L
o 0F [Clzto from fit |3
& E ]
s F ]
— 1
&

o

' [ T T R T B B B B dhdsdascaad

T 11T IIIIIIII T TTIT

—
o
llllm'l

Local p-value

o
ro
T llllml T

Interpretation requires look-elsewhere correction

=)
S
llllml T lllllq

- CMS Preliminary,Ns=7TeV____________________ do
HoWW, L =111

Q
o
T

200 300 400 500 600
Higgs boson mass (GeV/c”)

—
o
o

Low resolution (~20%) =» trial factor ~3

H>ZZ->4

[]+10 from fit

vrnal 4 v waadaaaad

Best fit o/0,,
o —
- -l o
T mr‘
1E

o 1
=
(>U __________________________________________ Jdlo
6_10'1 E E
g'l 0% =
- = =
w0 o T ]
E Interpretation requires look-elsewhere correction =
= CMS Preliminary,Ns =7 TeV- oo oo 40

HoZZ-4l L =111

o
‘
T T

TS ‘506“(7%00
Higgs boson mass (GeV/c?)

Low resolution (~1-2%) =» trial factor ~O(100)
73

-l
o
o



g ]0 ! i Q_ hl | I | | LI ] I I [ | | I l l I | I I+
. Dzt from it |3 1 ATLAS Prehmmary HoWW Sy =
E i SN .
— 1 i T L -
w — e
@ 1

0.1 10 = 3
' (S T T B dassdavaad : » :
0 I i ; |

2 E = W) ]
S 3w 10°F ! 1 3
a0’ = 2 ) ;| Ldt=104fh -
§10'2 E + P B \ ' \s=1TeV -
- 3, 10°F R E
T 1 ittt C "o ]
= Interpretation requires look-elsewhere correction - T — Observed i
o< b 104k L ~Expected |
= CMS Preliminary,N's=7 TeV-_ . ___________ 4o - v g 3
no-fE HoWW, L =1.1f" - .
- T ‘IO I | - - I | - - | Ll 1 I Ll I L1 1 | L1l I L1l I Ll

100 200 300 400 500 600

‘ H->WW-=>-Ivlv Local p-values @ ATLAS and CMS I

1 IlllIlllllllllllllllllllllllIlll|ll|l o

100 120 140 160 180 200 220 240
M, [GeV]

Higgs boson mass (GeV/c?)
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‘ Any Hints of an Excess? I

« Searches dominated by gg—=>H production show tantalizing common features near
m~140 GeV (inside region preferred by EW precision data):

10 LR LI
SR L ATLAS Observed
««« ATLAS expected

P — CMS Observed
-« CMS expected

Combination of searches optimized for gg2>H

|||||]||||||||||||||||t||||||||||

xp 93% C.L; Lumt

Liid

PR
5. o
R
s =S 3
I~
¢ ~
. v
X
av
H
el
1

Ill[ lllll

1.1 I 1 1 l 11
150 200 250 300 350 400 450 500 550 600 0 ]2() ]40 ]60 ]80 ?00 220 ?40 ?60 280 300

my [GeV] my (GeV)

* Local p-values near m;~140 GeV: ~2.5-3c for individual results (ATLAS, CMS and

Tevatron combinations).

» Individual excesses not significant after taking into account look-elsewhere effect but...
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Limit/SM prediction

| H>WW- v |

Largest oxB at high mass.

Possibility to reconstruct Higgs mass imposing
W mass constraint but worse resolution than

for H>ZZ-Ij).

Worse S:B from large W+jets background.

Tevatron and LHC searches have comparable

sensitivity in different mass regions.

- BN S oo e Observed Limit

=== Expected Limit

CHAX t/u 7 N S A

« ] Expected £2s.d.

E Standard Model = ] 0
120 140 T 150 260

95% CL. limit on ¢/c(SM)

"y
o

10

-

=~ 60007 . ——
0 B .
O L [ signal {x 100) ]
& 5000- E m, =400 GeVic? |
= e Data |
2 C top -
g 4000~ W — et
w L E L B Dibosons ]
3000;_ - H— v gq + 0 or 1 jet
2000 ~ ATLAS Preliminary’

E = fLdt=1.04f" 1

1000" - Ns=7TeV 1

0O 200 300 400 500 600 700

M(lv jj) [GeV]

ATLAS Preliminary

1T H

8 - Expected .
\s=7 TeV M+ 1o A
i J- ) + 20
f L di=1.04 b — Observed 1
l 1 11 11 1 I - l 1 11 1 1 1 1 ‘ I ] P I
250 300 350 400 450 500 550 600

M,[GeV]



‘ H->ZZ->4l I

Events/10 GeV

=20
b(‘h
- Cleanest channel at high mass but small statistics. © '8 ﬁ_,"“szzr"_',"';,'“'““"
: . S 16
» Main background ZZ production. £, \Ii:;};‘: w
» Higgs mass reconstruction with good resolution! 3 12 — Qbserved CL, .
..... pected L‘ 3
§ 10 m: 1o =
+t20c 3
8 —
LT PP T P yryryrTryryrad ] LILILIL ] crrd I ryrd I ey I ey I LI L . -
-~ e DATA ] :
9L [ 1 Background ATLAS Preliminary _: St E
- [ Signal (m =150 GeV) . at E
8- e gigna: EmH=220 gex; B ok E
- i =480 Ge . FIFS NI NPT FPTS NS TS TS RS T
7L £ >igna m” (*) —] 1502 0 300 350 400 450 500 550 600
s H—ZZ '—4l - m.. IGeV1
6:_ I Ldt = 11 fb-1 ‘: - 25 CMS preliminary 2011 113fb at\s=7TeV
- 3 rTTTTT T T rrTTTTT
5 \s=7TeV = B ———CL, Observed Umi
E 5 B 1 CL, Expected Limit 7
- - 4. . .../ CL,Expected 1o O SR
4: 1 3 S 20j [ cCL. Ezected~2o 1
3:_ ps "é‘ alag, ‘
=[] 4 o
g o
1= T - 1 ? X
- - wn
_rl-lll llllllllllll llllllijr]t | O)
1000 150200250 300350 400450500550600
my, [GeV]
* No excess observed.

«  Expected limit: ~2xSM in M,,~200-350 GeV O e e e
M, [GeV/c?]



ZZ*>4u Candidate Event

EXPERIMENT

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




Events / 20 GeV

| H>ZZ > 1Ij |

Benefits from high B(Z=2>jj).

Still good mass reconstruction capabilities.

Dominant background from Z+jets.

Improved S:B by split sample in <2 b-tag
and =2 b-tag.

CMS Preliminary 2011, 10fb‘ \'s = 7 TeV
25— T s aaans et
] —— Sideband Extrapolated Fit
20 e 2 Db-tag 212q data ]
! DZ+JQ(S ]

B ww ]

15 1 -zzwzww 4

! "] 400 GeV SM Higgs~<3 ]
10f

5.. .

IadBE P

200 300 400 500 600 _ 700
m,,[GeV]

No excess observed.
Expected limit: ~2xSM at M,;~350 GeV

95% C.L. limit on o/cg,

Ggss, | Ogyy
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N
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‘ H>ZZ->llvv I

» Benefits from sizable B(Z->vv).
« Signature: ee/uu+MET

» Main backgrounds dibosons and top
suppressed by 3" lepton and b-tag vetoes

« Final discriminant: M(llvv)

212v, myp=350 GeV

CMS proliminary. \o-n'ov 1.1m’

10 I T
B Higgs (350 GeV) T
N vz |

81— Nl zz H

Top/WWW (Data)
....... Z+Jets (Data)
6 —e— Dimuon events (Data)

Events / 40 GeV/c?

400 500 600
M, [GeV/c?]

 No excess observed.
« Expected limit: <2xSM in M;;~300-500 GeV
ATLAS: excludes M;~360-420 GeV

% 14:L| LI I LI I LI I LI I LI I LI I LI I L IJ:
g - —e— Observed ATLAS Preliminary .
§ 9 - Expected ILdt 108" \E7TeV 1
E 1op Etto SRS
= - [ ]+2c H-ZZ-lvy ]
- - .
(&) 8- .
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)

L 10?2k SM HZZ — 212v, 1091pb” _
© O 85% CL exclusion: mean -

8 - BN 95% CL exclusion: 68% band .
— 95% CL exclusion: 95% band
§ - — 95% CL exclusion: DATA -
: - —
o 10-
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1 | ' B PRI B : L
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‘ Validation of Search Techniques I

« Critical to validate experimental strategy and tools
using SM backgrounds that share characteristics
with the signal.

N W I o .
N | . " ,
41' /// h ‘:\4 — '{' Z < o b
"~ b ™~ b
For m,,=115 GeV WZ->Ivbb: ¢ = 105 fb
WH-=[vbb:c =26 fb

=>» x5 larger oxB but sits at lower mass and has
peaking WW background.

* Low mass Higgs analyses will be used to measure
WZ/ZZ (Z->bb) cross section.

=>» Tevatron combination upcoming!
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‘ Validation of Search Techniques I

« Critical to validate experimental strategy and tools using SM backgrounds that share
characteristics with the signal.

WW—Ivlv : g(WW)=12.1 7{7 pb

CDF Run Il Preliminary fresen SM WW Measurement
Fitted Tembiat : - R R R e UMGRE Bans aac
- e mw S jaof ATLAS Preliminary Co W vy —
@ 10 s = - [ Lot = 1.021b \s=7TeV o -Yan =
— - - S= e La] —
o CIZz £ 120 — Di?)pson B .
ﬁ L ~ W ejets/Dijet -
1 00 — D 6:13‘.-1"; —
! sol— : _—
- R e o= L T -
60— R | | ‘ -
40:— _+_ ‘ o ?
04 o 0.8 X 1 20— —
Matrix Element Likelihood Ratio (LRWW) - -
. o <E:
ZZ—1lvv : 6(ZZ) = 1.45 9% pb 2 5 i
R 1 S + —_——
o 0.5E: ——
- CDF Run Il Preliminary j Ldt-59f" © 055 0 05 3 5 5 55 3 35
g 2% FIT RESULT Cioy. AD(IT)
% 200 [CIW+jets
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‘ Tevatron Comparison with ATLAS I

Tevatron Run II Preliminary, L<8.6fb"

95% CL Limit/SM

i MBS R
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Tevatron Impact to Global Fit

EPS 2011: m,=173.2+0.9 GeV

1 0 1 1 I 1 "I 1 1 I 1 1 1 T _]
Al o i) elfitterlad's ,
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3 Theory uncertainty _f
[ — Fit including theory errors J
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EPS 2011: m =173.2+0.9 GeV, LEP & Tevatron Higgs Searches
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‘ Tevatron Combination I

Tevatron Run Il Preliminary, L<86fb"

x L SO MMM AR RRARE R Baana MR RARE
— 25 - Tevatron Runll Preliminar [ LLR, tlo = : s :
=S ) Y CIUR 2o | @ LEP Exclusmn ~ Tevatron
50 - L<8.61 Bl R ‘é‘ 10 = | :
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o | 120 Expected -

) P

x

1

()]

1

100110120 130" 140 150 160" 170" 180" 190 2 100 110 120 130 140 150 160 170 180 190 200

July 17,2011 my (GeV/c’) mH(GeV/Cz)
* Most signal-like excess SM Higgs excluded @ 95% C.L.
— Consistent with 130 GeV Higgs 156 < m, < 177 GeV obs (148 < m, < 180 GeV exp)

100 < m,, < 108 GeV obs (100 < m, < 109 GeV exp)
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95% CL Limit/SM

‘ Tevatron H->bb vs H>WW I

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb™ Tevatron Run I Preliminary H—-WW Combination, L < 8.6 fb™
éxpectedd +1<5i5x|::et:tt=.-lzl|| 5 ll
1 [t : =
- e £
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‘ CDF and DO Limits I

CDF Run |l Preliminary, L<8.21b"
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‘ Tevatron Signal-to-Background I

CDF + DO Run 11 Prellmlnary L<86fb’

| o '—— Data-B Background o %250
L ] Signal B 55200
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‘ Tevatron Prospects I

2xCDF Preliminary Projection
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LLLLR

‘ What Would a Signal Look Like? I

Observed | Tevatron Prellmmary Higgs Projection
25 [~ Tevatron Runll Preliminary B LLR, tlo % - iSlgnal Injectlon Test
2o b L<86m’ [:Ittgb 20 = 15[ D-LI:R ------- +-1--<5 roolLRy: s sfb1
: nF DLLR t20 ﬁg +8
10 5 0BS
— : ‘1'\
E ay 'a,."..-.--.".“y %‘
0K / _______
-5 J_‘ s, 3 e
_Illllllllllll[llllllllllll[llIlllllllllllllllllll
100 110 170 130 140 150 160 170 130 190 200 100 110 120 130 140 150 160 170 180 190 200
July 17,2011 m,, (GeV/c?) m,, (GeV)

Consider main low mass analyses (WH->Ivbb, ZH->vvbb, ZH->IIbb) at 6 fb-'
and evaluate expected LLR after injecting a SM-like signal at m =115 GeV

=>» observed limit consistent with a what would be expected from signal
+background (but also consistent with background-only)
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LLR = -2In(Q)

‘ What's the Expected Mass Resolution? I

Tevatron Preliminary Higgs Projection

3 %)
15 e ke —_ <
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good resolution.

resolution.
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LLR Minimum: m,=115 GeV Signal Pseudoexperiments

Mean = 118.3 GeV
RMS = 5.3 GeV

PR SR [N TR SR T S
140 150
m, (GeV)

P
130

Steeply falling cross section provides opportunity to determine mass with

Curvature of the observed LLR vs m,, is the most accurate estimate of such

Ensemble testing assuming signal at 3o level yields a mass resolution of
~5-6 GeV below m,~135 GeV. Resolution degrades at higher masses.
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‘ SM Higgs Projections I

2xCDF Prellmlnary PrO|ect|on, mH-115 GeV

2xCDF Prellmmary Prolectlon mH_1 60 GeV

..................... — summer 2005 R December 2008 summer 2004 MarCh 2009

| — . —— Summer2006 —— November2009 : Summer 2005 —— November 2009

\ i —— Summer2007 — .July2010 Summer2007 —— July2010 - ]
" . —— January2008 — July2011 [ = @MU 2008 —— July2011

January 2008 —— July2011 e

[ Projected Improvements .- December 2008 [ ] Projected Improvements

Expected Limit/SM

0 2 4 6 8 10 12 14
Integrated Luminosity/Experiment (fb") 0 2 4 6 8 10 12

14
Integrated Luminosity/Experiment (fb")

Orange band: assumed analysis improvements wrt 2007 analysis (x1.5 and x2.25)

« Limits have improved faster than 1/vVL due to analysis improvements.
« Major effort underway to continue to improve intrinsic sensitivity:
« Optimized object identification/resolution
«  Optimized selections and signal-to-bckg discrimination
 Reduced systematic uncertainties
* Adding new channels... 93



B(h— 1Y)

Fermiophobic Higgs (H>vyy)
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Events / 5 GeV

‘ Charged Higgs I

« For myx<m-m,, can have significant B(t>H*Db)

=>» study kinematics and branching ratios in tt events.
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‘ Charged Higgs I

For myx<m-m,, can have significant B(t>Hb)
=>» study kinematics and branching ratios in tt events.

Low tanp

High tang

Results at Tevatron/LHC so far consistent with the Standard Model
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‘ And Beyond the MSSM... I

More exotic scenarios being probed (“leaving no stone unturned”):
* Doubly-charged Higgs (from Higgs triplet)
« Light CP-odd scalar (e.g. NMSSM)

« Higgs decaying to Hidden Valley pions

q ; -
e ‘b .......... < ¥ ..
CI)- ...... / I;(

..




‘ And Beyond the MSSM... I

More exotic scenarios being probed (“leaving no stone unturned”):

* Doubly-charged Higgs (from Higgs triplet)

» Light CP-odd scalar (e.g. NMSSM)
* Higgs decaying to Hidden Valley pions

.
- Excluded by Tevatron or LEP.
CMS Prefiminary v ouSVETToV [ L0sae'
BR(#"— e%¢*)=100% ¢
BR(#"— e*u*)=100% ¢
BR(#**— u'u)=100% 4
BR(#"— e*r*)=100% +
BR(#"— u't*)=100% ¢
BP1: normal hierarchy ¢
BP2: inverse hierachy new World it
BP3: degenerate masses| |imitS! 4
BP4: equal branchings T
100 150 200 250 300 350
Lower limit on mass of $** [GeV]

—
Ne]

Ggg —a, -y

o(gg—H)xBR(H—HVHV)xBR?*(HV—bb)(pb)

2 1600[-

—
i
o
(=]

lll'lllllll

-
=1
-

3

-
=
T T llll

-

e T

Frr T
ATLAS Preliminary
\s =7TeV

LI S S S LA A R B R p

J Ldt=39pb"

—— Observed limit

s Expected limit

llllllllllllllllllllllll

g
)
P R ST P B

NIt
1"
m,, [GeV]

L 1 1 1 1 1 1 1
7 8 9 10

CDF Run Il Preliminary Lum = 5.8 fb™"

T T TT1Tm

T

L

S
M, =40 GeVic"

Ll llll

L L Ll

R

—
-

Ellkl-l | -
4 5

6
€ Tyy (cm)



