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e The Tevatron performance

e Searching for the Higgs @ Tevatron

e High mass Higgs exclusions

e Low mass Higgs searches

e Validation using diboson to HF processes
e Combinations of Standard Model searches
o Evidence for H>bb, in WH/ZH production
e Prospects
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Tevatron Luminosity w
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Thanks to the Tevatron Accelerator Group for such a performance!



CDF and D@ Detectors w

COoT
Muon chambers/scintillators

SVXII + ISL

» General purpose detectors Rapidity coverage
« Good hermeticity CDF Dzero
« Mature algorithms Track 2.0 2.5
« Well understood under all pile-up I(\:4&illglr1|meter ?8 ‘2}%
conditions (up to ~10 interactions ' '
(up ) Bfield 14T 20T
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Indirect SM Higgs constraints w

« SM Higgs boson mass i
1s a free parameter of S W W
: ‘&‘MW * M-Tr.::p
the theory

 Constrained mdirectly
through precision I
measurements

' AMy o In My == —-
o In particular, self-

energy corrections to
the W mass depend

on the mass of Tl.lE‘ New Physics W W
top quark and Higgs e -'

boson ?
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Indirect SM Higgs constraints w

Recently updated top

quark and W boson ST - . - -
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The particle discovered at the
LHC looks like the SM Higgs.
but is it the SM Higgs?
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Is it the SM Higgs? w

Strong evidence of H> gamma-gamma (ATLAS, CMS)
somewhat higher rates but still compatible

Evidence of H &> ZZ (ATLAS, CMS)
Weak Evidence of H> WW (ATLAS, CMS)

No evidence so far of fermionic decays at LHC:

H->bb sensitivity ~1.5 sigma @ CMS 2011+2012 (10 fb1)
Tau channels are data deficit (sensitivity ~1.5 sigma with 10 fb1)

Indications of H>bb presented at Moriond 2012 (2.6 sigma) (Tevatron)
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H-> bb at LHC

Strong complementarity on H-> bb
between LHC and Tevatron until 2015 run

Difficult channel, different s+b, different methods.
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slight excess looks like expected for S+B

ATLAS sensitivity with 7 TeV sample ~ 4*SM
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Higgs Production and Decay at the Tevatron w

9

S 10l - ,

= = Production “High” mass (m, > 135 GeV) dominant decay:
kel gg—H ]

g H-owWWY gg > H-o>WW — /vy’
§ 0.1p

Excluded
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my (GeV/c?) Low mass (my < 135 GeV) dominant decay:

Decay | H —hb b jet WH — /1bb
| 4 Abiet
7

Ny ZH—>(""bb
’ wfz‘\<'9pt°" ZH — vibb

lepton
use associated production modes to get better S/B

Branching ratio

10-2f

E YY : S \
:’:/ﬁ. 7/ ﬁ“\\'\\ These are the main search channels, but there is an
00 120 140 160 180 200 extensive program of measurements in other

Ge\V/c? OO A 0
M GOV channels to extend the sensitivity to a SM Higgs |
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Higgs Search Strategy @ Tevatron w

Optimize all channels individually, based on production and decay properties.

Select inclusive candidate samples maximizing acceptance to potential Higgs
signals (different masses probed)

Separate further these channels into multiple sub-channels of different S/B, to
improve the sensitivity.

Model all backgrounds using simulation and data, with detailed verifications in
independent control regions in data

Use advanced multivariate analysis tools to separate signal from background
using the full event kinematics (tested on data)

Derive systematic uncertainties from independent measurements, both in
normalization and on the shape of their distributions.
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SM Higgs Event Yield expectation

Expected number of events available for selection to
CDF + DZero with the full Tevatron Run II data set (10 fb1)

Higgs Mass | WH—Ivbb | ZH—>vvbb | ZH—Illbb | H->WWoSlvlv
120 GeV ~500 ~240 ~80 ~260
135 GeV ~200 ~100 ~40 ~520

reconstruction/selection/tagging efficiencies is
~ 10% in H-bb channels

~ 25% in HHOWW channels
(N.B.: lvbb can appear as "vvbb” events in the experimental final states, or lIbb
as lvbb, we consider here I=e,mu)
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Updates for Summer 2012 w

Search

Changes

Mode

A=WAW I (technique + new data)

H=vy DO (technique)

ZH—I"I"bb

WH—Ivbb

VH—vVDbDb

~10-15% gain in sensitivity for channels with improved technique
since last update in Moriond 2012
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Searches for H-W*W- w

® Selection (W—I*V) : high Pt
leptons + significant missing Er

L0000, H ® Separate searches in 0, 1
................................ and =2 jet final states

g ~70% of total signal W ® Background & Signal vary with
number of jets

Backgrouna’ Comp05/t/0n

Additional sensitivity gained by
including contributions from : s%
0 jet

| jet

Signal Composition

.0 , 5
] WH

ZH

| jet 22 jets . VBF
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e Need to separate small potential signal from
large SM background in our search channels

e After inclusive selection S/B ~ 0.02 in the
most sensitive search channels

= Need to model well ALL backgrounds, in
particular those dominating for
measurements at low m

e Define specific control regions to test modeling
for each individual background (whenever
possible)

e In the case of dibosons (WW/Z, ZZ) there are

no control regions so we measure them to
check their modeling
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Final/Intermediate Discriminants

MVA (neural networks, boosted decision trees..)

é'j W provide a gain of ~25% in sensitivity beyond that
% L% obtained from optimized, cut-based analysis
Q] v j
- CDF Run Il Preliminary L=07"
8 S [0S0 Jets, High S/B o
S S 2500 . = 165 Gevic? i
o 8
N S 200 S
Event Final Wt
Kinematics INd 150/
MVA (nn, bdt..) i
o Discriminant "¢
Training < correlate multiple s0fy
input variables - !
00="0% 05 04 03 0 02 04 06 08

NN Qutput
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Systematic Uncertainties w

e We consider uncertainties both on the [ CDFRun D Proliminary [i-onr
i i © [0S0 Jets, High S/B i
overall normalization of each S 250 1 165 cevic =
signal/background process and on the £ o
shapes of the final discriminant aor o
templates for each signal or background - o
process - Normalizations
100
. . . . 50:-
e In the limit-setting procedure systematics g
are mcI_uded as nuisance parameters, TR 24. Saet it SO 8|
taking into account the correlations NN Output

between different channels , and
between experiments when needed

(background cross sections for instance) we incorporate theoretical predictions

and uncertainties for signal cross

e Using this approach we are able to sections and branching ratios when
further constrain our background deriving our results (we follow the
uncertainties directly from the data prescriptions from the “LHC Higgs

cross section working group”)
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Limit Settings / LLR DO

Observed limit (solid line)

Since we combine searches focusing on different coF Run i reiid Y7 da&z [Lesaw
Higgs production and decay modes, cross sectionyuper cross section fimit for  i@f ittt o -
limits are given as a ratio to nominal SM Higgs production relative to F Il o
e SM prediction ! : ‘ . R
predictions e s
- - - - % ’ = High Mass Observed
Limits are derived using \Lg N e
Bayesian and CLs methods = o E
Mediian expected limit (dot- § TS PN
Look-Elsewhere-Effects (LEE) ?55290} line) ‘j”d/ o e‘ZCf‘fj)
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The Log-Likelihood Ratio (LLR) allows to check the data/expectation agreement on background or signal
+backgrnd models. Distributions are populated with pseudoexp’ments to get an estimate of the significance

Background-Only Pseudo-Experiments
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CDF/D0 H>WW-slvlv Limits DO

i ==+ High Mass Expected = L. -1
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3 = High Mass Observed 4 10 - I:I Expected +2 5.d.
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Both experiments exclude SM Higgs boson around 165 GeV = combined yield:

Tevatron Run Il Preliminary, L < 10.0 o’
T T T T T

-
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m‘IDBr T N . w r L . N s B S By B s S S B S B B B B R B
= 3 = Tewvatron Data N . Tevatron Run Il Preliminary —t— Data-Background
LipsL m, =165 GeW/c” [0 Background Fit 2 B L<100 " ) .
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<L - - - L
e . % e - L% C —— +1 s.d. on Background
- -
10 g' - - 50 | —— _]
2 ———
10 g T*_ 0rF
1 F + C
10 ;— 50
10 F C
B 100
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B - m, =165 GeV/c>
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Similar limit behavior, sort events in s/b, no excess around 165 GeV
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H-W+*W- Combination

Exclude 147< Mu < 180 GeV @ 95% CL

Tevatron Run Il Preliminary H=WW, L < 10.0 fb™

' JRLNULEN BRI DL L B B
— Observed

* Expected wioHiggs

- +1s.d. Expfgﬁédﬁ'fﬁ'Z'Z'Z'Z'Z'ZZ'Z'Z'Z'ZEZ'Z'Z'Z -

+2'5.0; £

—r
o

95% CL Limit/SM

- Tevatron Exclusion

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

June 2012

110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

No significant excess, let’'s move to low mass!
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H—yy / Tevatron Combination w

 Very small BR in SM, clean signature
 Main challenge is instrumental background (fakes)

« Data-driven methods for both CDF and D0 to estimate background from jets
faking photons

« Use of multivariate methods for background estimation and final discriminants

 Now completely superseded by LHC. Fermiophobic limits resisted until this
year (not discussed here, since we will learn later that H seems to like fermions a lot ;) )

a2 200— H — vy signal at m = 115 GeV/c? = 10°F
e - [ Signal scaled to expected limit (12.9 x SM) w
g’ 180— — — — - Signal scaled to observed limit (15.6 x SM) =
a "k — +— Data £
w— 160— ] Background Model a
(=] - —
_'g 140 CDF Preliminary (10 fb™) 3
C (s}

g 120 CC Category g 10
Z 100

80

60

40 1

20 [

105 110 120 1252 100 105 110 115 120 125 130 135 140 145 150
m,, GeV/c my, (GeV/c?) 5
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Low Mass Higgs Channels w

WH—Ivbb: MET+I|+bb
Large production cross section
Higher backgrounds than in ZH—IIbb

ZH—lIbb: Il+bb
Low background
Fully constrained
Small Signal

/H—vvbb: MET+bb

signal 3x larger than ZH—lIlbb
(+ contributions from WH)
difficult backgrounds

Gregorio Bernardi / LPNHE-Paris 21



Backgrounds at low mass w

Tevatron Run Il pp at\'s = 1.96 TeV

a o {Jets
¢ 10°{® - Instrumental backgrounds QCD multijet

S . %Siw Flavor : _
210 ( e.g faking lepton )Derived from
210" (sidebands) data

ur

&

3 4 pd
By ‘b< (jet)
a10° W q
Y Iy .
b

~10 orders WW i - Single Physics?
10 of magnitude! .s Wz

117 TI jet

3
.
[
>
=
4|

-
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Tevatron Run Il pp at\'s = 1.96 TeV

2 _{lets

c 105 L]

Heavy Flavor
L ]

i A
L
s 94

Wr Zy

10° A%

~10 orders
10 of magnitude!

I
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g 'T x,l- q / ‘T 1:

Backgrounds at low mass w

Instrumental backgrounds QCD multijet
( e.g faking lepton )Derived from
(sidebands) data

Physics backgrounds: W/Z+jets with
real / misidentified heavy flavour

q
g
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Backgrounds at low mass w

Tevatron Run Il pp at\'s = 1.96 TeV

—40"
g {Jets
=104 ®
: -
S 10t Fleavy Flavgr - Instrumental backgrounds QCD multijet
- ( e.g faking lepton )Derived from
3 i (sidebands) data
510
5108 W - Physics backgrounds: W/Z+jets with
p- PP At real / misidentified heavy flavour
o
T _
- iy New | - Dibosons
10 T of magnitude! . @TEPZZ Higg < b . v
1 q .
W o . <
10" P \\} O ; T f
'-\.'-".'h'.lr'.-'-'..-'-'-,.' al . -[Il
107 o . Vg
/ £ e il
I'|I' 8
‘:\'\-\ q f-;l';'}f (‘\“r,l
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Backgrounds at low mass w

Tevatron Run Il pp at\'s = 1.96 TeV

| {Jets

—10°{ ®

S Heavy Flavor
- L ]

$10° w
e Z
]

10° -

~10 orders
10 of magnitude!

Wy Zy

New

é 8’22 ngg
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- Instrumental backgrounds QCD multijet
( e.g faking lepton )Derived from
(sidebands) data

- Physics backgrounds: W/Z+jets with
real / misidentified heavy flavour

- Dibosons

- ttbar and Single Top




Low Mass Higgs Searches w

Increase lepton Understand : WH—=Ivbb
reconstruction and background

selection efficiencies

Specific to low mass analyses:

B-tagging (next slides)

Optimize dijet mass resolution Optimize dijet mass resolution with

=» needs precise calibration and Kinematic fit in ZH->1Ibb (15% sensitivity gain)
resolution for gluon and quark

> T - B > 60r — K
jets separately §so:—m el 22 350:[" . Pre"’"'"a”[’f'“b
; et Q 50 - Data
= new techniques explored 3 a0- ; i | " —LlF
(NN, tracks + calorimeter cells)  § & | | ¢ A
w e SR V- = H
we are not done yet! : s Diboson
20~ - { [ Multijet
: 2 P ZHX100
10f- A -
C =1
%

‘ o " . | Lo Ity =
80 100 120 140 160 160 200 % 20 40 60 80 100 120 140 160 180 200
Gregorio Bernardi / LPNHE-Paris Dijet Mass [GeV] Dijet Mass (Kinematic Fit) (GeV] 26



Jet

Displaced tracks

Decay lifetime

Lxy E, //%mnm vertex

Primary vertex _ =/

!
?‘\ f
dd

Prompt tracks

Reduce the background by
tagging b-quark jets

Major step forward with HOBIT,

\. | 75% eff. for 10% mistag

42% eff. For 0.9% mistag

3 =
£ S 5 : i : i
20.98 : ; ;
gr T NG
So.96F
® [ e
20.94F
" 09F
0.88
- HOBIT yea
0.86— - =mimmem Roma ; Y
e BNess '.‘ :'-II
0.84— 4 Loose SecVix R
- = Tight SecVitx P
0.82f s s WAt
0.8E R AR N R A T
H . 05 055 06 065 0.7 075 0.8

MVA tagger @ CDF (Do already use one) & 2 315

- separate b-jet from light-jets

- next step would be to separate

b from ¢ with dedicated algorithm
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B Jet Efficiency

ZH—>wbb Analv5|s sample (pre b taq)

Illllllllllll'

DO Prellmlnary (8.4 fb )—

- T°P

B V+h VY
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Low Mass Higgs Searches w

«10°  V(—=h)+2 jets

L 18- DO Runll, Preliminary +Data )
8 161 L, =75 b v Strong Reduction of the
3 1 Ay background by tagging one,
- VY s00) then two b-quark jets
8-
o o i, Pre-tagged events
& " Still need to go beyond simple
“ . N selection approach
0 200 250 300 I : Ivsi
0 %0 100 150 Dijet mase, GeVicE = Multivariate analysis
2
. gXl0e V(h)s2jets, 1 b-tag ] V(oivi2 jets, 2 b-tags
% - D@ Runll, Preliminary ; :)ﬂ?l:?iiel 59900? D@ Runll, Preliminary +Data
g 75_ Lirlt=7'5 b V+If 88005_ intL =7'51fb -:ﬂ::tlIEt
a SF -'}';:' §7°°§_ W0 Vaht
2 5 vV T600}- -RP
£ 4= [ VH (x100) - S500C JVH (x50)
@ - . _ . - E E_ —~ Lt Lo 1
a3 N “~  Single b-tagged “400E bouble b-tagged
23_ | .ﬁih events 3005_ events
15_ e - | 200§—
0= 50 100 150 200 250 300 19
Di-jet mass, GeV/c? =

0 250 300

Di-jet mass, GeV/c?
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« To improve S/B => utilize full
kinematic event information

 Multi Variate Analyses
— Neural Networks
— Boosted Decision Trees

Or use Matrix Element Calculations to
determine probability for an event to
be signal or background like

 Approaches validated in Single Top

observation @ Tevatron
« Combine these approaches

* Visible gain obtained
(~25% in sensitivity)

Gregorio Bernardi / LPNHE-Paris

V(—lv)+2 jets, 2 b-tags

© From Dijet mass to Multi Variate Analysis w

L9 pg Runll, Preliminary +- Data
3300 L =75'% Il Multijet
c e Twe V+lf

g 00 0 V+hf
7600 o

- vV
2500 [JVH (x50)

400
300
200
100

0

JIII|III||||II|IIII|IIIIIIIII]IIIIlTIITlIIlIl

x10°  V(—>lv)+2 jets, 2 b-tag,

200 50 300
Di-jet mass, GeV/c?

D@ Runll, Preliminary
L, =7.5 b~

entries / 0.08

-+ Data

Il Multijet
V+if

0 Vahi
Top

vy

[] VH (x50)

1 -08 -06 -04 -02 0

02 04 06 08
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Recent improvements: WH —2>Ivbb

e Updates to the WH-Ivbb Higgs search [ Comparison of Expected limits: WH - lvbb |
- Addifional muon friggers % o :::.t::j ::;uf ..........................
- Improved mulfijet modeling & rejection E 10} = ;;:::E;i:i;
- Improved signal isolation via separation into 3

double b-tagged final states (vs 2 previously)

- Bottom line: 10-17% improvements in -
expected limits L

||||||||||||||||||||||||||||||||||||||||

_I_I_I_IJ._LI_I_I_
100 'IIIIE 10 115 121] 125 130 135 140 145 150

My, [GeV]
2 Loose b-tags 2 Medium b-tags 2 Tight b-tags
= - DO Preliminary, 9.7f6" | & 160 + DO Preliminary, 9.7 0" | F 120 D@ Preliminary, 9.7 fb™
] = 0 0 « 0 i - « 0
t 350 -uﬁuu g 140 -uf.'ﬁu.t £ 100~ -uf.'ﬁu.t
2 Vali 120 Vali $ V4t
w300 WV hi u i W Vshi W ggr W Vshi
i o5 B B 5
:z =Emgnt 80 =;tmuut 60 =;tmuut
Vv Vv L Vv
150 ] Signal { =100) 60 [C]Sigmal { =20) a0- [C]Sigmal { =20)
100- § Total Signal =100 40 Total Signal =20 - Total Signal x20
30 . o 20 ++ , 20

50 100 150 200 250 300 350 400
Diiet Mass (GaV)

50 100 1150 200 250 300 350 400
Diiet Mass (GeV)

50 100 150 200 250
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Recent improvements: ZH ->llbb w

e Updates to the ZH-llbb Higgs search |_comparison of Expected imits: ZH-» 6 _

% F—— E:'IDI"ﬂld I.ImIt.Sl.mrn-r = . B
- Selection requirements relaxed e i
P Susnmer 2012 Expached +2 5.4, ! i
- Isolation of fop quark backgrounds represents T, T (-
largest change -
Top Quark Classifier e
£ Double Tag DO Preliminary, 8.7 b ot S U PN
IE L —s— Datn P
70 | . Z4LF B I Dﬂ Prelnmlnarg 9.7 fb’
Eﬂ'j: '- %ﬂ II:II] ‘ID‘.S 11I:] 115- 1:!1]- 13‘5 130 135 140 '1.-:5[661‘:;{
Top
" Cuthere| == e |

Region dominated : R ' Region dominated
by top quark / C B s e : \ by Z+heavy flavor
bﬂckgrﬂunds ﬁ 0 01 02 ﬂ.!! 0.4 ﬂlE EIE U'T 0.8 ﬂil 1 \ quark buckgrounds

1t RF Qutput

£ 80| Double Tag, # RF <0.5 DO Preliminary, 8.7 b 2 - Double Tag, ff RF > 0.5 DO Preliminary, 9.7 1o’
—i— [at 50 == ]
E 70 H — zur E ;1 2itF
b — 40 —f
50 = ;ﬁfmﬂn ' . : ] -;?:ﬂﬂ-m
a0 m— Bottom line: 3 s o
------- ZH x 100
30| 10-15% improvement
05 | in expected limifs
10F ! % g e § I
R e T 0 01 02 0.3 04 05 0.6 07 0.8 09 1

Global RF Qutput lobal RF Output
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ZH-Ilbb [Ldt=9.7fbt

‘E F [ Double Tag, ft RF > 0.5 DO Preliminary, 9.7 fb
2 50 —s— Data
w H zeLF
40 f 34
- Top
C Diboson
30 I Multijet
C mesemes ZH x 20
20
C + | l
- |
10 &= i1
| t { T+ Jj——* -
0 = $ Lo
0 01 02 03 04 05 06 07 08 09 1
Global RF Qutput
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= : :
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~10-15% gain on intrinsic sensitivity compared to Moriond result
(i.e. on top of gain due to luminosity) 32
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ZH-llbb

CDF Run Il Preliminary 9.45/fb

[Ldt=9.5 fb1

! All-SubChannels
r + data
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+ Z+bl
150 } 2 Z+ee
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100 - | 1mwz
3++ I WW
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0 0.5 1
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) + 2
‘/
/-
y
............ > . .
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95% CL Exp (obs)
Limit 2.6 (4.7) xSM
@ MH=115 GeV
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Results from CDF

WH- Ilvbb
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>20% gain on intrinsic sensitivity compared to 2011
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How do we control these techniques? w

T O OE Pedras AR I:IIHEI|=1II.¢1|':|
= o 5 i
2 1 |1 -.-—
--'I
T 5 =i I!
- 1 "‘---.-.|_|_,.|_u.-.|.---""'PF 'lJ
Landrg Jed =5 OF
Kinematic event selection Multijet removal b-tagging
= gl Bt 300" Precamlection, SscVTE + SacvTa [55)
I =b-esa 7 BT JENE 11 Pradimirany] * Bz enr lTes Pdiipn [l wre
2 [ = i Wwsrzr =0k — Higys 115 Bevie’ 5]
S £2% CanlMarce inferead £
E T el o e + = |COF HFwliminarg]
| wmuan Expecicd 185 C.L. kRE - B~
_ |} — CommeilaClimt = g
i s
T =
E Lt H
i L
) -
" +-H:
10 F
1 i

T =T R T b 11 43 01 04 b5 &b 47 (A 08 4
B s M [N N MM

Statistical analysis Final discriminant
Log Likelihood Ratio (LLR) SVM, BDT, RF...

Marginalization of nuisance parameters
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Cross check on Diboson process %

Benchmark of H>bb searches with real data.
VZ->leptons + heavy flavor jets

For m,=115 GeV Replace H with Z

WH—Ivbb: 0 = 26 fb WZ—lvbb: o = 105 fb
/H— vvbb:o = 15 fb ZZ —-vvbb: o= 81fb
/H— lIlbb:o= 5fb /7 — lIlbb: 0=271b

Total VH: 0 =46 fb Total VZ: 0 = 213 fb

At 115 GeV, Z->bb yields is 5 times larger, but lower BR than H->bb,
much more W+jets backgrounds, and difficult background from WW.

Apply similar analysis as low mass H->bb analysis, and check sensitivity.
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Diboson Ivbb

V(—lv)+2 jets, 2 b-tags

S700- D Runll, Preliminary

= \/s=1.96TeV, L, =7.5fb™ :
8600 s

£ i =
R

7 08 0.6 04 02 0 02 04 06 08 1
MVA vZ

—+- Data
Il Multijet
V+If
V+hf

Events

Diboson lIbb

Double Tag D@ Preliminary, 7.5 o N

- DO Preliminary Run Il 8.4 fi”'
60 S 450 oo s 'V - Dl
& 400 DOnv:
2 € 350 i Top
[ B V+h.f.oww
40 < & 300 V4l f.
ap - ‘IIII;Itijsel I Multijet

20
10

00 0.1 02 03 04 05 06 0.7 08 09 1

VZ RF Output

Benchmarks : Dibosons to Heavy Flavor w

Diboson vvbb

VZ Analy5|s sample (two b tags)

E 4 0 B
Final Discriminant

Combining all three channels, maintaining proper correlation among channels, keeping
WW as background, =» Evidence (>3 sigma / experiment) for WZ/ZZ decaying to H.F

40 DY Prelminary, 75-84 5"

300 +

Events

1 L]
=

+ Data - Bkgd

WE — Bkgd Uncert.
ar n
5005
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0 010203040506070809
MVA ordered by s/b

Events / (20 GeV)

700- D@ Preliminary, 7.5-8.4 fb' 160
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400F mwWZ 100
B 77 B
s B0
200 40
100 20
0E ]
-100E 20
E B o) -40
2000
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CDF Preliminary, L <9.5 "

Two b-Tagged Jets
+ e -+ Data - Bkgd
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.z
(177
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CDF- D0 combination on the same dataset/techniques as for H>bb:

= ~ 4.5 sigma significance
cross-section: 3.9+/-09pb (NLO: 4.4 +/-0.3 pb)

% L TevatronRunll, L <9.7 fb”
= _ 1+2 b-Tagged Jets
O 600~ —+ Data - Bkgd
o i 5 WZ
g - 27
o 400r B Higgs Signal
= i m,=125 GeV/c?
@ 2001

)| === _+_ _+_
-200 . _+_ S R SRR AN BTN AR S
0 50 100 150 200 250 300 350 400
july 2012 Dijet Mass (GeV/c?)
=> If there is a light SM Higgs, we should “see” it!
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Benchmarks : Dibosons to Heavy Flavor w
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Combining Channels w

Best sensitivity =»combination of many independent search channels
Other analyzed channels are listed here below:

CDF Run ll Preliminary, L <8.2 fbo™

E LI T LI LI | L ‘ LI | L | L | L | L | LI | L i
“” H—)l\’bb !._0__ - ———  WH4ZH+VBF—jjbb 4.0 1b” Obs ———  WH+ZH—METbb 7.8 ib™ Obs a
C — S | e ——— WH+ZH+VBF—jjbb401b" Exp ~ =----- WH+ZH—METbb 7.8 ib™ Exp
£ 3 LEP ——  Ho1601b" Obs ——  WH-=lvbb 7.5 fb” Obs
ZH bb 3 10°lteumy How60fb'Exp 0000 ea--- WH-slvbb 7.5 tb™ Exp _
>VV i - Excl. ———  ZHoIbb75-791b" Obs ——  Hop70M’ Obs -
3) T ZH-lbb 75791 Exp 0 ==--- H—yy 7.0 b Exp ]
o B ———  ttH MET4+jets 5.7 1b™ Obs ———  ttHl4jets 751b” Obs i
ZH_)llbb o T HH MET+jets 576" Exp ~ =-=--- ttH I+jets 7.5 b Exp ]
g’, ——  W2Z+s1162fb Obs ——  H-ZZ-41821b" Obs
- eeaa- WZ+ti62'Exp 000000 memea H-ZZ-418.2 b Exp 7

WH/ZH—>jjbb - powwelll 344 9 :

L — Combined Obs
2 ¢/, === mmmmm Combined Exp

ttH—>WbWbbb 107 | \ -

H—oyy

- -

H-o1tt

WH-Ivtt / ZH- 1ttt 10

H—>oWWolvly

R
.®
.
.
‘.

H—->WWolvjj

WH->WWW / ZH—->ZWW 1 / . .
- SM=1 July 17, 2011 1
| L | Il ‘ L 1 | | | | 1 1 | ‘ 1 1 | [l | | [l 1 1 | | 1 1 [l | [l | 1 1 | | 1 L [l | 1 | [l 1 | | [l 1 [l
H—->Z77Z 100 110 120 130 140 150 160 170 180 190 200

my, (GeV/c?
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CDF & DO single-experiment combinations of all SM Higgs search
channels (H—-WW, H—bb, H—yy + other modes)

= ™7 T ™ T L L T
g ssss  Expecied CDF
e ——  Observed Exclusion
E 10 [ |  +17 Expected
I +27 Expected
Q
P
1)
o]
1
Fabruary I7T. 2012

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

s
o [ D@ Preliminary,L <9.7 fb” [ COpeerved
B SM Higgs Combination == Expected wio Higgs
c 10 DExpected +1 5.d.
= - || Expected 22 5.
E | 5 %) -
_l I
— -
O
E“.i I
Ty _1-"'--..-"*-.;
U:I - =
1E
- =——LEP Exclusion
- DG Excluslon-________i
|I|||||I|I.|I|I|I|I|||I|||||||.|I||.||||.|I||.|I|I|I|I
100 110 120 130 140 150 160 170 180 190 200
June 2012 Higgs Boson Mass (GeV/c?)

Remarkably similar shapes: within 1 sigma below ~110 GeV,
broad excess around ~120-140 GeV,
exclusion around ~165 GeV
small excess around ~200 GeV

Gregorio Bernardi / LPNHE-Paris
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2012 Tevatron combination: expected

Tevatron Run Il Preliminary, L <10.0 b’

E LI I LI 1 | 1 LI | | LI L L | T I LI L) I LI U I | I I 1 LI I I |
m £ H H H i H
2 o Ll ExpectedwioMiges |
E - - i—is,dE}.;pame:;l_:
aj —— E: +2 'S'd EHpEG"EEl ............... E ............... I.....I...,,... .............. .
EE ; F - g : ;
o
(op)

1

. IJl. June?ﬂﬂ ]
100 110 120 130 140 150 160 1?0 180 190 200
m,, (GeV/c?)

IIIIIIi.IIIlIIIl:EIIIIilll illlli

® 95% C.L. upper limits on SM Higgs boson production af the Tevafron
- Expected exclusion: 100<M < 120 GeV 139 <M < 184 GeV
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Summer 2012 Tevatron combination w

Tevatron Run Il Preliminary, L < 10.0 fb™
I!IIIIIIDI!IIIIIIIIII!III

Tevatrvbn Emli:sinn

I|I II|II
=  Observed

-
o

T

=
S ,
E- CEEd Expected R | i S ]

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

95% CL Limit/SM

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

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

s
I‘

i B N Junepoiz
100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

® 95% C.L. upper limits on SM Higgs boson production af the Tevairon
- Expected exclusion: 100 <M < 120 GeV 139 <M, < 184 GeV

- Observed exclusion: 100 < MH < 103 GeV 147 < Mﬁ < 180 GeV
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€8 Summer 2012 Tevatron Combination

Tevatron Run Il Preliminary, L <10.0 fb’
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Significant excess, ! m, (GeV/ c?)
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One step back:
|EPS 2011| Tevatron Combination

Tevatron Run Il Preliminary, L < 8.6 fbo™

NI L L L B
LEP Exclusmn; Tevatron

NN oot W S S . SN Exclusmn
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Before any LHC hints (EPS 2011)

Log-Likelihood ratio plot

— % | [JLLR, 20
20 - L—4386fb EASR R --LLRb ...... S—

o Ll o

11 1 130 140 150 160 170 180 190 200
July 17,2011 my (GeV/c?)

excess around 130 GeV consistent with SM Higgs but with

only ~ 1.3 sigma expected sensitivity
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Back to the future: S+B vs. B-only Hypotheses w

Log-Likelihood Ratio plot, 2012

e —
= 40 - Tevatron Runll Preliminary LR, £1s.d.
¥ | ) LLR, +2s.d.
= 30 SM Higgs, Lint <10.0fb -=:LLR,
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% 20 :— — LLRgps
- L
; L
o 10
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L LR \\
_20;III|IIII|III|IIII|IIII|IIII|IIII|IIII|\III|IIII
100 110 120 0 140 150 160 170 180, 190 200
June 2012 Higgs Boson Mass (tGeV/cz)
3.0 sigma local excess at 120 GeV, Expected s+b LLR shows good sensitivity

consistent with SM Higgs

up to 185 GeV. Data above Higgs
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. LLR: Signal Injection Comparison
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Real Data Analysis

signal Injection Study
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. LLR: Signal Injection Comparison

Real Data Analysi Signal Injection Study
[e) —
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LLR shape compared to m; ;=125 GeV w

S o5 [ —@— ObsevedLIR Tevatron Runll Preliminary
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3 20
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June 2012 Higgs Boson Mass (GeV/c?)

Shape consistent with
background + injected 125 GeV SM Higgs.

Significantly higher significance (from LLR, and shape) at low mass
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LLR shape compared to m; ;=125 GeV w
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Full combination, p-values

D E ’
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3.0 sigma local excess at 120 GeV,
2.5 sigma global excess,
2.0 sigma expected sensitivity
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Tevatron Cross Section Fits w
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Tevatron Cross Section Fits w
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Tevatron Cross Section Fits
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Tevatron Cross Section Fits w

W

b Taking into account the
Tevatron Run Il Preliminary significance, and the
i e effect at high mass of a
low mass Higgs, we are
left in the full range
with one distinctive peak
in signal strength:

Best fit 6/SM
N
o

m .
) 1 I | 1 ]

—
)
!

Maximum 120-130 GeV
u=14+0.6 @ 125 GeV

0.5 §

%00 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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H-o W'W" -

H-vyy

Tevatron Run Il Preliminary
L <10.0 fo

my, = 120 GeV/c?

[ combined (68%)

- Single Channel

L L L L 1 L

June 2012

o 1 2 3 4 5 6 7

Best Fit o/o),

H— W'W

H- vy

H— bb [~

0
June 2012
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Tevatron Run Il Preliminary
L <10.0fb™

my, = 130 GeV/c?

[ combined (68%)
-~ Single Channel

3 4 5 6
Best Fit 6/c,,

Tevatron Cross Section Fits

Tevatron Run Il Preliminary
B L <10.0 fo
m,, = 125 GeV/c?
Ho W'W |- [ combined (68%)
-~ Single Channel
H- vy - ]
H— bb [
| | 1 | 1 |
o 1 2 3 4 5 6 7
June 2012 Best Fit o/og,,
Tevatron Run Il Preliminary
i L <10.0fb™
my, = 135 GeV/c?
Ho W'W - [ combined (68%)
-~ Single Channel
H- vy
H— bb [
| | | |
0 2 3 4 5
June 2012 Best Fit o/og,,
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H—bb, Individual Experiment Results w

Similar broad shapes

CDF H—bb L=9.5 fb
I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T

(a) = Observed D@, 9.5-9.7 b
— = Expected for M, =125 GeV
= -=== Expected w/o Higgs

10 Bl tisd
£2 5.4.

----- Expected I +1c Expected

95% CL Limit/SM
-
o

1 Tl

| | | | 1 |
90 100 110 120 130 140 150 100 105 110 115 120 125 130 135 140 145 150

m, (GeV/c?)  july 2012 My (GeV)
> 2 sigma excess in 120-145 GeV > 1 sigma excess in 120-145 GeV
ClahAal cinnifiranecra D B o~ ClakhAal ciAan -F nra 1 E o~
JIViJVAdli DIBIIIII\.‘CIII\.‘C and U Jivuudl ol UI i I ILC Lsd U

Using LEE for 115-150 GeV, since
<115 GeV excluded in H>bb by LEP
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H—bb Combination, Limits w

Broad excess, maximum between 120 and 135 GeV

Tevatron Run Il, SM H—bb, Lmt <97’

95% CL Upper e Observed | == Expected for m =125 Ga\//
— served 0 =i Xpecte arm— e C
Limits/SM i "

..... Expected w/o Higgs
10 +1 s.dl.

+2 s.d.

100 105 110 115 120 125 130 135 140 145 150
july 2012 m, (GEWE )

~50/ more sensitive than March 2012 result
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H—bb, Individual Experiment Results w

LLR plot compared to SM
w\ith and w/o SM Higgs@125 GeV

CDF H—bb L=9.5fb"
E | I I I I T > A\ i
Q@ | e Expected EE 10 Expected 2105V b) D@ 9.549.7 b M LLR, 1s.d.
= . S \
— C \ LLB. =2 s:d.
E 3 8 \ \ b
: 10 4 2 6 \ “ -- LLR,
3] 2 \ .=« LLR_,,
% E 4 ‘\ _LLRobs
o J 5 — = LLRy —125 Gev
>
5
1 1 40
2F eeeee

| | | | ] ] coaa v by b b by g by
90 100 110 120 130 140 150 100 105 110 115 120 125 130 135 140 145 150

m,, (GeV/c?) iuly 2012 M, (GeV)
> 2 sigma excess in 120-145 GeV > 1 sigma excess in 120-145 GeV
Clahal cianifirance D B o lahAal ciAnifiranecra 1 B o
JIViVAl DIBIIIII\.‘CIII\.‘C mawd U ivudal DIBIIIIILGIILC deand U

Using LEE for 115-150 GeV, since
<115 GeV excluded in H>bb by LEP
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Combined LLR for H-> bb and signal injection w

.ﬂ R | | I | | I | I | L I | I | | I | L I | L | L I
% 20 Tevatron Run Il L =97 b [ LLR, +1sd. ]
e r ) LLR, +2sd. -
‘§ 15 [ Ll LLHH ]
£ - /’ mm= LR, -
E 10 ,/ — LR, E
o % m+=r= LLR expected fof]
_ﬁ] 2 m,=125 Gewf—:
0 NG O o -
SE e —
_1[} :l—l L1 | L1 1 1 | L1 11 I L1 11 I L1 11 I L1 11 | L1 11 I L1 11 I L1 11 | | | |—|E
100 105 110 115 120 125 130 135 140 145 150
july 2012 my(GeV J.rc:z}

shape is OK, excess more pronounced
than expected with a 120-135 GeV SM Higgs

= Data prefer higher x-section*BR than
Gregorio Bernardi / LPNHE-Paris SM With 125 Gev Higgs 60



H->bb, final discriminant, events [

Tevatron Run Il H—bb, L <97 fb"

Tevatron Run Il H—bb, L 9.7 fo
‘ , . ‘ :

w g | uwn 150
"E10 5 5 e Tevatron Data o —+— Data-background
D : my=125 GeV/c 1 Background Fit % ] ]
54 | e Bl signal £100 | ™ SM Higgs signal, m =125 GeVvic?
E - - - o
103 By - a L% — +1 s.d. on background
- 5[' |
i ° I ===
- ——
- ] 10
1 B I__I—':— S
B : = [
-1k Z B St
10 E -50 % : + —
. : B e —
10 2E : 5 —1— 5 D
3| -100 Sf
10 = B :
al 1 . . i [ Nz |41'25 ot
10 _4 _3 _2 _1 0 _15[' B FEETE AT I Y TS AT S T W N S ST N SN N SN T S |D|g1u| 1
July 2012 log,(s/b) -3 25 -2 -15 -1 -05 0
log, .(s/b)
10

Clear excess in the high S/B region. Those events have indeed the WH/ZH topology:

Jet — | .] m

- Jet

V- ' x
LIRS |
A 4

Missthg
Energy
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What is the likelihood of the background producing an excess

Background p-value

Gregorio Bernardi / LPNHE-Paris

H—bb combination, p-values

at least as large as what we see in the data?

1[]2 =_I LI I rrri I rrri I LILELIL I LILELIL I LILELIL I LU II LI I | L I LI II_=
= Tevatron Runll, L <97 fb" == 1-CL, Observed 3
10 ;_ ----- 1-CL, Expected —;.

5 [ +1 s.d. -
1 |:|i2 s.d. —
oo I

=pn
1072 =
TE- i Sl SES
11 1 I 111 1 I 111 1 I | | I 111 1 I 111 1 I 1 ;
100 105 110 15-920- 925430 135440445450

july 2012 m,, (GeV/c?)
'2 o ot 125 ("a\l

Mavimiim lar
0L e U dl 150 SC

(compatible with 125 GeV given our resolution
After LEE of 2, the global p-value is 3.1 ©

@ 125 GeV, significance is 2.8 ¢
(using 2011 LHC limits, LEE=1)
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H—bb, p-values

What is the likelihood of the background producing an excess
at least as large as what we see in the data?

m _I IIIIII I I LILILL I LI I LI I LI I LI II I IIIII LI I LI II_
— 1{]2 = 1 =
T - Tevatron Run Il L <9.7 107  wmm 1-CL, Observed 3
E_ 10 ;_ ..... 1-CL, Expected —;.
2 5 [ +1 s.d. -
5 1L [ 22sa —
g" 5
S 1
@ 10" ]
--------- " 26
1072 =
w0 TN/ =
L1 1 I L1 1 1 I L1 11 I L1 11 I L1 11 I L1 1 1 II 1 IIIII 11 I L1 1 I:
100 105 MO0 115 120 125 130 135 140 145 150
july 2012 m,, (GeV/c?)
Channels Local Global
Reminder:
. All Tevatron : 2. limi
Slgnlflcance of evatro 300 50 pre |m|r;afry
. accepted for
observed excess: H—bb 330 310 S bliation (PRL)

Gregorio Bernardi / LPNHE-Paris
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Cross section * BR measurement
Tevatron Run I, L <97fb

600 —r——— 17 L B o o o
- Measured -+ Exp-ec:tedfnr m,, =125 GeVic? | ]
| - Assuming best Iit rate at m, =125 GeVic® |
500 £1s.d. --=-  Expected for m,=125 GeV/c?
+7sd Assuming SM rate
Predictaed

L fu
= =
= =

I
=2
=

100
D oo ey o by by by by b by
100 105 110 115 120 125 130 135 140 145 150
july 2012 my (GeV/ EE]

(owm +ozm) x B(H — bb) = 0.2370-02 (stat + syst) pb

SM Higgs @ 125 GeV: (.12 & 0.01 pb

Gregorio Bernardi / LPNHE-Paris 64



Evidence for WH/ZH with H->bb

Tevatron Run Il H—bb, L < 9.7 b’ @ Q7 T T T
ﬂ T - Tevatron Data 20 TTrTT I TTrTrT | TTTT I TTr 1T " TTT1T I T I_TI T | TTrTT " LB I TTroTT I TT l: a Tevatron Run ", I—.‘r‘S gr? I‘b—1 — 1*CLb Obsewed
§10 5 my =125 GeV/c? B =cicronng Eh Tevatron RunIl, L <9.7 fb LR, +1sd. z T 1-CL, Expected
(N £ R Il signal DLLRn 12sd. ] 2 :isd
N Bl 15 L - <250
10° F - /=== URg, 1 2
102§ 10 S —URy = :%’: _
g == LLR expected qu
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1 E ]
10 " | 0 N\, .
o2 | 32 [N .
N BE e . m, (GeVic)
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10 1 | 1 j:’
-4 3 > 1 I /Ob IOO 105 110 115 120 125 130 135 140 145 ;5[] All Tevatron 300 25g
July 2012 og4 0(5 ) B HM(GEV-"C )
shape is OK, excess more pronounced H—bb 339 31g
than expected with a 120-135 GeV SM Higgs ' i
. Diboson combination .45 sigma significance o
X-section: 3.9 +/-0.9 pb (NLO: 4.4 +/-0.3 pb) g o5 £ —%— Observed LR Tevatron Runll Prellmlnar¥
Tevatron Run Il Preliminary T 5 =sak= Signal Injected LLR Liny < 10 fb”
% %L TevatronRunll,L <97 I L 100 g =125 GV, 10cSM e Consistency
- [ 1 - —
E C o 1+2 b_Tagged Jets my = 125 GeVie! E 15 -wm-= Signal Injected LLR
g 6007 ~+ Data - Bkgd H— W'W - -cumnimd (68%) —'_, 10 m,=125 GeV, 1.5x5M rate
N -z e
= 400- 17z -8 Single Channal J 5
@ L B Higgs Signal Hos -
- - m,=125 GeV/c? LLEn - 0+
o L
200—
ul B B -5 .
C H—bb [~ S—
0 -10I\Ill\\\\‘\\\I‘\\II‘III\‘\\\E87”_”;‘5‘ 5
C _+_ _+_ 100 110 120 130 140 150 12 s+ I
200 o 1 2z 3 4 5 & 7 June 2012 Higgs * 2~
L1 v b e b e b L b June 2012 Best Fit ﬂfﬂﬂm >hape consistent with T
0 50 100 150 200 250 300 350 400 ’ »ackground + injected 125 GeV SM Higgs 2k N\
Dijet Mass (GEVJ'CE) true for both experiments 2 45515t 515 8019786 90 %

We interpret these results as evidence for the presence of a nhew particle,
consistent with the standard model Higgs boson, produced in association
with a weak vector boson and decaying to a bottom-antibottom quark pair

(own +0zm) x B(H — bb) = 0.231D-02 (stat + syst) pb
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€13 Perspectives DO
Aiming at making further improvements over a wide range of areas
Better control of systematics l

Lepton efficiency/

a acceptance
Improved understanding
of all backgrounds
(Top, EW, QCD) B-tagging

Signal acceptance
Mass resolution

b

Improved analysis techniques

We will use in future my,=125 GeV to improve our constraints

H-> bb remains a difficult channel also at LHC. Impressive progress,

but difficult to imagine observation by one experiment alone with the
201142012 run, we'll see.

= we look forward to LHC+Tevatron combinations during LHC shutdown
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References / Congrats w

This seminar is based on results presented in: arXiv: 1207.0449
(which also include the full combination which is still preliminary)

Since then, we have submitted for publication 8 papers on H>bb to
document these results

CDF-D0, H~> bb Evidence, accepted in Phys. Rev. Letters, arxiv:1207.6436

CDF Ivbb: arXiv:1207.1703, submitted to Phys. Rev. Lett.
CDF METbb: arXiv:1207.1711, submitted to Phys. Rev. Lett.
CDF lIbb: arXiv:1207.1704, submitted to Phys. Rev. Lett.

CDF Comb. Hbb: arXiv:1207.1707, submitted to Phys. Rev. Lett.

DO Ivbb: arxiv:xxxx.xxxx, to be subm. to Phys. Rev. Lett.
DO METbb: arXiv:1207.5689, submitted to Phys. Lett. B.
DO libb: arXiv:1207.5819, submitted to Phys. Rev. Lett.

DO Comb. Hbb: arXiv:1207.6631, submitted to Phys. Rev. Lett.

CDF and DO thank the Tevatron for high quality Data

CDF and DO extend their Warmest Congratulations
to CERN, ATLAS, and CMS for their outstanding discovery
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Higgs @ Tevatron

Rumors of my death are greatly exaggerated

Gregorio Bernardi / LPNHE-Paris
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Higgs @ Tevatron

Rumors of my death are greatly exaggerated
But this young LHC giant, is running really fast!

Gregorio Bernardi / LPNHE-Paris
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We presented evidence for WX/ZX production with X->bb, in 10
fb! of Tevatron data, Where X is consistent with a SM Higgs boson of
125 GeV, as the newly discovered particle by ATLAS and CMS.
The maximum local significance is 3.3 sigma, 3.1 sigma global

The combination of all our search channels also support this
interpretation, with a 3.0 sigma local maximum at 120 GeV,
2.5 sigma global significance and a signal strength of 1.4+ /-0.6

Tevatron Run Il Preliminary
= L <10.0fb™

'l my, = 125 GeV/c?
H— W'W — -8 [ combined (68%)
—— Single Channel
H— vy : =
H— bb [ B

o 1 2 3 4 5 6 7
. . . Best Fit o/c
Gregorio Bernardi / LPNHE-Paris SR 2Ok i

Conclusions w
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(owm +ozm) x B(H — bb) = 0.2370-02 (stat + syst) pb

SM Higgs @ 125 GeV: (.12 & 0.01 pb
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We gained two orders of
magnitude in sensitivity,

(luminosity, more channels,
techniques) since that first
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Cross Sections & BR D5

We use the following references for our cross sections and branching ratios. The citations below include only
those papers which contain numbers that we use. Further citations are available in our conference note.

*The WH and ZH cross sections are from Baglio and Djouadi: arXiv:1003.4266v2, which is
published as JHEP 1010:064 (2010). We have obtained from the authors an extension of Table
3 to include test mass range down to 100 GeV and predictions with more digits. The VBF
production cross sections were computed with VBEF@NNLO, and we multiply these by (1+0ew)
from the HAWK program, which amounts to a roughly 2% to 3% downward correction.

*The gg — H production cross section is calculated at NNLL in QCD and also includes two-loop
electroweak effects. For details, see C. Anastasiou, R. Boughezal and F. Petriello, "Mixed QCD-
electroweak corrections to Higgs boson production in gluon fusion", arXiv:0811.3458 [hep-ph]
(2008), which is published as JHEP 0904:003 (2009), and D. de Florian and M. Grazzini, "Higgs
production through gluon fusion: updated cross sections at the Tevatron and the LHC",
arXiv:0901.2427v1 [hep-ph] (2009), which is published as Phys.Lett.B674:291-294 (2009).
These cross were updated with the full mwp dependence in the calculation.

*We follow the BNL Accord to assign scale uncertainties separately in the 0, 1, and 2 or more

*The Higgs boson decay branching ratios are those reported in the Handbook of LHC Cross
Sections: 1. Inclusive observables, arXiv:1101.0593v2.
*Higgs boson decay branching ratio uncertainties from mp, m¢, and as are computed by Baglio

fnd Djouadi in arXiv:1012.0530, which is published as JHEP 1103:055 (2011).
GZegorio Bernardi / LPNHE-Paris




Cross Sections & BR w

myu  |Ogg—n |Own | 0zn |over| 0wy |B(H — bb) |B(H — c¢)|B(H — 7777)|B(H - W™W™)|B(H — ZZ)| B(H — )
(GeV/c?)| (fb) | (fb) | (fb) | (fb) | (fb) (%) (%) (%) (%) (%) (%)
100 [1821.8281.1/162.7] 97.3 [8.000 79.1 3.68 8.36 1.11 0.113 0.159
105 |1584.7 1238.7/139.5| 89.8 |7.062 77.3 3.59 8.25 2.43 0.215 0.178
110 |1385.0/203.7/120.2| 82.8 |6.233 74.5 3.46 8.03 4.82 0.439 0.197
115 1215.91174.5/103.9| 76.5 |5.502 70.5 3.27 7.65 R.67 0.873 0.213
120 |1072.3/150.1| 90.2 | 70.7 |4.857| 64.9 3.01 7.11 14.3 1.60 0.225
125 949.3 1129.5| 78.5 | 65.3 |4.279 57.8 2.68 6.37 21.6 2.67 0.230
130 842.9 1112.0| 68.5 | 60.5 |3.769 49.4 2.29 5.49 30.5 4.02 0.226
135 750.8 | 97.2 | 60.0 | 56.0 |3.320 40.4 1.87 4.52 40.3 5.51 0.214
140 670.6 | 84.6 | 52.7 | 51.9 |2.925 31.4 1.46 3.54 50.4 6.92 0.194
145 600.6 | 73.7 | 46.3 | 48.0 |2.593 23.1 1.07 2.62 60.3 7.96 0.168
150 539.1 | 64.4 | 40.8 | 44.5 |2.298 15.7 0.725 1.79 69.9 8.28 0.137
155 484.0 | 56.2 | 35.9 | 41.3 [2.037| 9.18 0.425 1.06 79.6 7.36 0.100
160 432.3 | 48.5 | 31.4 | 38.2 |1.806 3.44 0.159 0.397 90.9 4.16 0.0533
165 383.7 | 43.6 | 28.4 | 36.0 |1.607 1.19 0.0549 0.138 96.0 2.22 0.0230
170 344.0 | 38.5 | 25.3 | 33.4 [1.430| 0.787 0.0364 0.0920 96.5 2.36 0.0158
175 309.7 | 34.0 | 22.5 | 31.0 |1.272] 0.612 0.0283 0.0719 95.8 3.23 0.0123
180 279.2 1 30.1 | 20.0 | 28.7 [1.132| 0.497 0.0230 0.0587 93.2 6.02 0.0102
185 252.1 1 26.9 | 17.9 | 26.9 [1.004| 0.385 0.0178 0.0457 84.4 15.0 0.00809
190 228.0 | 24.0 | 16.1 | 25.1 |0.890| 0.315 0.0146 0.0376 78.6 20.9 0.00674
195 207.2 | 21.4 | 14.4 | 23.3 |0.789| 0.270 0.0125 0.0324 75.7 23.9 0.00589
200 189.1 | 19.1 | 13.0 | 21.7 |0.700| 0.238 0.0110 0.0287 74.1 25.6 0.00526
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Reminder:

Quantifying the Excess

Moriond 2012
4 - Tevatron Runfl Preliminary c a5F Tevatron Runll Preliminary
F g L, s 1 o _F Lx=100fb |

] SRS S S S — 1 i = 3 — —e— Best Fit

2% B 25 - RESEY]

-4 ®oF

M 15F

8 -
10 [ 1
12 el | 05
_14:IIIIilIIIiIlllillllillllillllillllIIIIIIII;IIII n"lllllllllllllllllllllll L1 | i N T R

100 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200
Feb 28 2012 Higgs Boson Mass [G&Vfﬂzj Feb 24 2011 nggs Boson Mass {GE‘VICE}

Af fest with fixed signal prediction fromm SM theory agrees well with freely
floating signal rate estimation

- Ay? minimum in the region 115 < M, < 135 GeV

- Region above M =150 never falls below &;{2 =-6
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Reminder:
Moriond 2012

Quantifying the Excess

] H]
% - Tevatron Runll Preliminary ::“;ﬂ?ff;ﬁw_l % 10 Tevatron Runll Preliminary _:"::”:::q i
zZ 105 amMHiggs, L <100 [ L—— Z SM Higgs, L <10.0 ib” I oo 15
o - [ | Espected £ cn. S—_— [ | esmecteg 2250
= i =
s & - o 1o
5 = 510°
ﬁ =Y, S 1 ﬁ R - o - - e L - - - - - - - - e
gt Fro: P
2o 3 -: ------------------------- 3o
107 0
107 &
DEL. kbbb bbbl 3o e e 4o
P ET I T IO RN (T SO O O A S AN AN AN A AN RN AN H AN AN EN B A A 10-5 'R A BTN S T N N S U MR A NI T N Y I A AT
100 105 110 115 120 125 130 135 140 145 150 110 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass {GB‘V.'"GEI February 2012 Higgs Boson Mass {G&VIGE]

e Considering separately the H—-bb and H-WW channels

- Local p-value distribution for background-only expectation.

* Minimum H—Dbb local p-value: 2.8 standard deviations

* Global H—bb p-value with LEE factor of 2: 2.6 standard deviations
18



Remingey Quantifying the Excess

Moriond 2012

e Revisit s/b rebinned distribution plot fo @ PTTrTE—
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H-> bb, Discriminants, s/b ordering

Tevatron Run Il H—bb, L < 9.7 b’
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WW and ZZ measu

rements

Diboson cross section measurements are CDF Run Il Preliminary [resens:
based on the same tools and data samples 3 " ritted Templates O Wejets
used for the HHWW-—Ivlv search -> g 1
important cross check on background Er
modeling and analysis techniques 60
40
WW-lvlv : o(WW) = 12.1* 12 pb 20
NLO QCD . G(WW) - 1244__83 pb % 04 02 'o.a'h;l-: en; 'Ri:l.tai'o (Loﬁw 1
o _CDF Run Il Preliminary [Ldt=5,9 b’
ZZ—llvv : 0(ZZ) = 1.5%%¢ pb 5 zuof FITRESULT S urjete
. 851’ £ 180f- I I Wy
NLO QCD: o(ZZ) = 1.47,; pb te0f- Sww
1402— wz
120f | k= mZZ
100f
auz
VV cross sections with bb final states are  =F
analyzed separately 20 S L
|:|-1I I I-II:I.BI -II:!I.EI II:I.4I I I-I:!I.2I Il:lI I II:I.2I _=_ 0.8 1
NN Qutput
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Recent improvements: H>OWW- |viv

e More data & refined analysis technique [Comparison of Expected limits: H—WW evev
: T m = - - o =
- Di-eleciron channel adds 12% more data & N (e 5
improves electron idenfificiation efficiency g — :::ﬁ::m y | ___55_55é_::::_:__g_:_:_.

- Di-muon and di-electron channels now split [ N\, s S ———"
search sample info regions dominated by :
Diboson and W/Z+jet backgrounds

- Technigue improves expected limits by 5-10%

1F 120 i """Iiu' R -1"'ni'|;::;::::E;::::::Eﬁ::;:;2:1:];
M, [GeV]
W/Z+jet Dominated Diboson-Dominated
%W""I"'I"'I"'I"'l % L L
Firal Diasiminand Fimal Nasgriminant
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High Mass Excess ?

CDF Run Il Preliminary [L=07m" CDF Run Il Preliminary [L=o7m"
3
8 19°E 05 1 Jet, High S/B = 8 10°L 0S 0 Jets, High S/B =
) M, = 195 GeV/c® i o M, = 195 GeV/c’ I
3 3
; ;
[
-
i @

.5
-‘_IIIIm‘ T

102

v b v Lo by
04 06 08 1

11 111 L1 L Lo e b s by ey by
08 -0.6 -04 -0.2 0 02 04 06 08 1

NN Output NN Output

—I"_I |||||I'I] LA

o
o
o
o
st
Bl
o
ha
o
o
ha

Behavior of observed limits driven by small event excesses in the
high S/B regions of opposite-sign dilepton 0 and 1 jet channels

Nothing peculiar in the modeling of these distributions

Of course, ATLAS and CMS have ruled out a my = 195 GeV SM
Higgs based primarily on equivalent searches in H->WW
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More H-> bb discriminants

Challenging due to the large number of H—bb search channels (showing a fraction here!)

N LR R T TR ] 8 m-qr
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Combined Tevatron Result, p-values

Background p-values 959% CL Upper Limits / SM
QO Tevat Run Il Prelimi . L 10.0 b
= Tevatron Runll Preliminary _}gtg:::g::g = e e, =
i e =—— Observed .
= 10 L<10.0 fb™ [0 Expectad +1 s.d. % :% . Expected wio Higgs Tevatron Exclusion
— [ | Expectzd +2 s.d E10 |§
"l.':_l P 5 % | =1 s.d. Expecied
g 1 EI :E +2 5.d. Expecled
"u—,: [a] BE- '
- 2 |'|§
% 20 i
m
A 30 1 i
5 "“|“_“|""|"_"| _____ | ""|- ‘-I _____ | ""_l_"_‘IU rieid i
10900 11C 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200

June 2012 Higgs Boson Mass (GeV/c®) m,, (GeV/c?®)

® max significance (local) 3 o

® max significance (global) 2.5 o after LEE of 4
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Signal Strength w

Tevatron Run |l Preliminary
- L <10.0 fb”

m,, = 125 GeV/c?

Perform fit of S+B model to data H->W'W |- Hi—i Combined (68%)

-~ Single Channel

Compare combined best fit Higgs
production cross section to result H—yy | =
from individual production modes

Consistent with SM values within

the uncertainties H—bb [ =

| I l | | | | |
0 1 2 3 4 5 6 7

June 2012 Best Fit o/ogy,
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More on CLg and LLR

¢ In the absence of signal, we set limits on Standard Model Higgs
boson production

¥ We calculate limits via the CLs prescription:

CL L CLE b
" CL
b

¥ Using a Lﬂg—ukelihmd Ratio test statistic:
N tf.. [-I-E:r
. b 5‘+b T g
b, d) HH /- LLR=-2XLogQ

i=0 j=0 d 1 d'

d refers to “data” fnr model bemg tested Observed events, or expected
“Background or Signal+Background

X Distributions of simulated outcomes are populated via Poisson trial
with mean values given by B-only or S+B hypotheses

¥ Systematics are folded in via Gaussian marginalization

¥ Correlations held amongst signals and backgrounds



CL, and CL_,, projections vs Mass w
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Constraining Systematics Uncertainties with Data w

bty !

+ + ~——Background prediction
+ uncertainty

introduced in the chi? of
the fit allow shifting of
+ central value of the

l “Profiling” Nuisance parameters

background estimation

: : ? Systematic uncertainty
+ width gets also constrained

Shape of the systematics is
also taken into account
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