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The Tevatron

Record week: 85 pb-!
Run [I: 2001-201 |

12 fb-'delivered

10 fb-'recorded

Integrated Luminosity (1/phb)

proton-antiproton collider at
Vs = 1.96 TeV
Two multi-purpose detectors: CDF & D@
Antiproton Accumulation rate:
~25x10'° /hr
Initial luminosity record:

431 x10*2cm2s!
Integrated Luminosity 11871.03 (1/pb)
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The Tevatron — 25+ years

» proton-antiproton collider at

Vs = 1.96 TeV
» Two multi-purpose detectors: CDF & DO
» Antiproton Accumulation rate:
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» Record week: 85 pb-! s
» Run 11:2001-201 | = /
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CDF II Detector

[ Muon Chambers ]

[ Wire Chamber (COT) [ Calorimeters }

|.4T Superconducting Solenoid




SM Higgs decay and production modes

Branching ratio

135 GeVic?
\I, SM Higgs production
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Latest W mass results

March 2012
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New measurements from CDF and DO
myy = 80385 +/- |15 MeV/c? (World Average — Mar 2012)
Updated SM indirect fit gives m, < 152 GeV/c? at 95% C.L.



Tevatron Combination Summer 2011

Tevatron Run Il Preliminary, L < 8.6 fo™
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Expected limit <=1.3*SM from 100-185 GeV/c?
Tevatron Exclusion: 100-108 & 156-177 GeV/c2

Broad | 0 excess between 125-155 GeV/c? compatible with
signal plus background and background-only hypotheses



Strength of Tevatron is H—bb
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CDF Sensitivity Projections

Expected Limit/SM

CDF Run i Prellmlnary, mH_115 GeV
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CDF Higgs Search

Four channels contribute
almost equally in the
Interesting region -
need to improve all 4!

ZH—lIbb
WH—|vbb
ZH—vvbb
H—=WW—lvlv

Remaining channels
have a combined
weight of ~10%

95% CL Limit/SM

CDF Run Il Preliminary, L < 8.2 fo™!

ll ll{lllIlllll‘YIIIIIIIIIIIIIIIIIIITII!
B ———  WH4+ZH+VBF—jjbb 4.0 ib” Obs ———  WH+ZH-METbb 7.8 ib”’ Obs
----- WH4ZH+VBFjjbb 4.0 ib™! Exp -=---  WH+ZH-METbb 7.8 ib” Exp
3 LEP ———  H->t601b" Obs ———  WH-lvbb7.51b" Obs
i —11 6. x me===- -1V E Xp —
10 H-t1601b"E WH-lvbb 7.5 b E
B o — | 5-791b" s — —yy 7.0 ib” s ]
Excl ZH-lIbb 7.5-7.9 1b™! Ob. Hoyy 7.01b™ Ob.
T T ZH-lbb 75791 Exp 00 meee-s Hoyy 7.0 b Exp
———  ttH MET+jets 5.71b™' Obs ———  ttH ljets 7.51b™ Obs
----- ttH MET4jets 5.7 ib™ Exp --=--  ttHljets 751b™ Exp
——— W,Z+116.21b7 Obs ———  H-ZZ-41821b" Obs

WzZs162 Exp 00000 ==-e-

H-ZZ—-41821b™" Exp

H-WW 59 fb” Obs
H-WW 59 tb™ Exp

Combined Obs

o e b b

July 17, 2011

100 110 120

130 140 150 160 170 180 190 200
m, (GeV/c

%)

10



How to find a needle in a haystack

Potential Higgs signal is TINY
and buried under more
common SM processes with
same final states

» Maximize signal acceptance

» Model all signal and
background processes well

» Use multivariate analysis
(MVA) to exploit all
kinematic differences
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How to find a needle in a haystack

Potential Higgs signal is TINY
and buried under more
common SM processes with
same final states

» Maximize signal acceptance

» Model all signal and
background processes well

» Use multivariate analysis
(MVA) to exploit all
kinematic differences
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Expect 167 SM Higgs events (reconstructed and selected) and

~200,000 events from SM backgrounds for m,=125 GeV/c?



“Low Mass’” Searches

Select: » 0,1,2 leptons and/or missing E,
» Two high E, jets

Strategy: » Maximize lepton reconstruction and selection
efficiencies

» Maximize efficiency for tagging b-quark jets
» Optimize dijet mass resolution



In pictures . ..

» Loose event selection: | high-pt lepton, MET, and 2 jets

Central Leptons, 2 jets, Pretag WH-Ivbb CDF Run Il Preliminary { 9.4fb™ )
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In pictures . ..

Loose event selection plus one tightly tagged b-quark jet

Central Leptons, 2 jets, "T" b-tags WH-Ivbb CDF Run Il Preliminary ( 9.4fb™)
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In pictures . ..

Loose event selection plus two tightly tagged b-quark jets

Central Leptons, 2 |ets, “TT" b-tags WH—1vbb CODF Run Il Preliminary ( 9.41b"')
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Improvements Since Summer 2011

25% more luminosity
» Most recent data

» Use every last pb! of data with component specific quality
requirements

New multivariate b-tagger optimized for H —bb jets
» ~20% more acceptance

Additional triggers and leptons
mproved dijet invariant mass resolution
mproved MVA

mproved modeling



Improvements Since Summer 2011

25% more luminosity
» Most recent data

» Use every last pb! of data with component specific quality
requirements

New multivariate b-tagger optimized for H —bb jets
» ~20% more acceptance

Additional triggers and leptons t More events
mproved dijet invariant mass resolution Signal vs.
mproved MVA l background
mproved modeling separation



Road to improved b-tagging

In 2010, CDF had 5 b-tagging algorithms with
different strengths, weaknesses and applications
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Road to improved b-tagging

Can we unify the strengths of each of these into
a single Higgs-optimized network?

Study of tagger performance says that we ...
» Need maximum acceptance

» Can afford an increase in fake rates

Need multiple operating points

» allows separation of high S/B data (two “tight” tagged jets)

and low S/B data (two “loose” tagged jets) into independent
analysis channels

Train with jets from H—bb MC

20



Higgs Optimized b Identification Tagger

HOBIT

arbitrary units

0:: —Lignt Jets Multivariate, continuous

= |——bJets output
3 25 input variables (most
0.25¢ sensitive inputs to earlier
o2f- taggers)
0.15F- Trained with jets from
o.1f— H—bb MC
0.05F Validated with ttbar and

| S T soft electron samples

-1 0.5 0 0.5 1

HOBIT Output
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HOBIT performance

r = :

HOBIT

Roma

BNess
JetProb
HOBIT (April)
Loose SecVix
Tight SecVix
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Y
_ :
035 04 045 05 055 06 065 0.7 075 038
B Jet Efficiency

mistag SecVtx HOBIT
rate efficiency | efficiency

~1% 39% 54%

~2% 47% 59%



HOBIT in WH->1lvbb

OLD — Multiple Taggers

SecVtx+SecVtx  0.228
SecVtx+t]etProb  0.160
SecVtx+Roma 0.103
Single SecVtx 0.146

NEW - HOBIT
Tight-Tight 0.266
Tight-Loose 0.200
Single Tight 0.143
Loose-Loose 0.053

Single Loose

Sum

0.044

Significant effort to optimize tagging categories
and thresholds for loose/tight HOBIT selections

1 1% gain in S/NB translates directly into increase

in overall search sensitivity
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Jet Resolution Improvements

p

licht flavor quark jet bottom quark jet

Bottom quark jets have properties which are very
different from standard light flavor quark jets

Specialized jet energy scale corrections focused on
bottom quark jets improve our dijet invariant mass
and missing transverse energy measurements

24



Jet Resolution Improvements in ZH->vvbb

CDF Il Preliminary

Unit Normalization
=)

» Neural network correlates all

CDF Il Preliminary

- Multijet background

ZH = vvbb {mH = 120 GeV}

b )
20 40 60 80 100 20
Missing Transverse Energy (GeV)

jet-related variables and
returns most probable jet
energy based on bottom
quark hypothesis — better

signal/background separation
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Lo 1o
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CDF Il Preliminary

ZH — v¥ bb events

m, = 130 GeVic?
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MVA improvements

Small MVA improvements in many channels
Example from ZH—Ilbb to illustrate

* Many backgrounds processes are present the llbb selection
* The individual processes have different kinematics

* A single neural net trained to select signal out of a mix of
backgrounds can be improved.

-> Noy, Noy, —_—
WYES WYES *YES

26



MVA improvements in ZH—1lbb

CDF Run Il Preliminary 9.45/fb

| All Sub-Channels
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MVA improvements in ZH—1lbb

CDF Run Il Preliminary 9.45/fb
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Events/Bin
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MVA improvements in ZH—1lbb

CDF Run Il Preliminary 9.45/fb

c .
m All Sub-Channels 1.
E 80 showing : ee TwolJet ThreeJ :t TT TL Tx LL | data
OCJ g: ML 1 Z+lf
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MVA Improvements in ZH—1lbb

No events are discarded, only shuffled
Result is a handful of bins with enhanced S/B

\

CDF Run Il Preliminary 9.45/fb
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How good is our modeling?

Do we seeWZ and ZZ events !

same final state well known SM process

same set of tagged events same background model
different MVA optimized for WZ and ZZ events

Events / (10 GeV/c?)
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How good is our modeling?

G 1605 CDF Preliminary, L <95 b’
2 1405 Two b-Tagged Jets
g 120F- —¢- Data - Bkgd
N 100 — Bkgd Uncert.
E a0E- R
o B0F Lzz
> =
W 40
20 -
;- S .
3 CDF Preliminary, L_ <95 fo 205_ | | | -
> Two b-Tagged Jets i
g _40—_1 lllllllllllllllllllllll
< 0 200 250 300 350 400
5 Dijet Mass [GeV/c’]
L

100 150 200 250 300 350 400
Dijet Mass [GeV/c?]
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MVA-based Search
WH, All leptons, 2 jets, TT+TL CDF Run Il Preliminary ( 9.451‘b'1 )
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From Discriminants to Limits

» Combined binned likelihood function

Nchannel Mbin nzye—pw

L(R, 5, b|i) H H a

§=

» Incorporate uncertainties as nuisance parameters

» Uncertainties taken on both the shapes and
normalizations of signal & background templates

» Additional constraints on background model
obtained directly from fit!!
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Extracting c(WZ+ZZ)

E “““““““
c 1F
: |
> [ gy e Best Fit
©
= 08 Bl 10
=
2
= 0.6
2
o
2 04
o
0.2
| | [ P
00 2 4 6 8 10

Owzszz (PD)

o(WZ+Z2Z2)=4.08 +/- 1.32 pb
with approximate significance of 3.2 0
SM Prediction = 4.4 +/- 0.3 pb
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“High Mass” channel

H—WW—l|vlv
Select:» 2 high E; leptons and missing E-

Strategy: » Maximize lepton reconstruction and selection
efficiencies

» Separate events into multiple analysis channels
(e.g. 2 jets and opposite sign leptons)

» Best possible choice of kinematic event
variables for separating signal and background



H—-WW-—lvlv

Improvements:
8.2—9.7 fb!

M., dependent
optimization of
neural network
inputs

Increased acceptance
for low invariant

mass dilepton pairs
(0.1 <AR;<0.2)

CDF Run Il Preliminary J.L =8.2fb"

- OS 0 Jets _
- M, = 160 GeV/c? W-jets
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o

Events /0.5
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N
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w
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4 4.5

T ' ' ' A R(ll)

H—WWV signal events are
peaked at low AR, because spin 0
Higgs boson anti-correlates the
spin of the Ws, favoring a small
opening angle of the leptons
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Improved AR, acceptance

» Include region 0.1 < AR;;< 0.2

Events/0.1 rad

» special Drell-Yan modeling
(MADGRAPH)

» new Wy modeling (MADGRAPH)

» cuts to remove J/ip and Yresonances

CDF Run Il Preliminary

o 4 HWW-BaseMIlinvLowMet{Spec
30;[ L=9.7fb W\
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40—
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20
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20 25 3.0 35 40 45 5.0
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Validate high mass technique with o(ZZ)

» Same tools and data samples

» Different neural network optimized for ZZ—llvv

CDF Run Il Preliminary [ Ldt=591"
S 220
S 200F FIT RESULT oy
£ - W+jets
£ 180 1: =\A_/+Y
160F- .Ww
140 ;— Wz
120 B Zz
100F
8of
6oL
a0l
20
0 i s

4 -08 06 -04 -02 0 02 04 06 08 1
NN Output
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No channel left behind!

Luminosity 95% CL limit
M, =125 GeV

H—vyy 10.0 b"! 10.8 x SM
VH—bb+jets 9.45 fb-! 1.0 x SM
ttH—Iv+jets 9.4 fb- 12.4 x SM

H—tttjets 8.4 fb-! 14.8 x SM

Channel Luminosity 95% CL limit
M =150 GeV

H—=Z7Z7—lll 9.7 fb! 9.4 x SM
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CDF Sensitivity Projections

CDF Run i Prellmmary, mH_115 GeV
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CDF Sensitivity Accomplishments!

CDF Run Il Preliminary, m =115 GeV
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Combined Higgs Discriminants

Combine 16 analyses, 93 orthogonal channels
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From Discriminants to Limits

» Combined binned likelihood function

Nchannel Mbin nzye—pw

L(R, 5, b|i) H H a

§=

» Incorporate uncertainties as nuisance parameters

» Uncertainties taken on both the shapes and
normalizations of signal & background templates

» Additional constraints on background model
obtained directly from fit!!
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New CDF combination

CDF Run Il Preliminary, L < 10 fb™

E Ill!llll!lllllllll!l|I!I|ll!|ll!llllllll|!llll
% ----- Expected CDF
‘€10 _-—- ,,,,, Observed . 44 = Exclusmn_
: . R : : -
-

(&)

2

(o]

(o2}

1

100 110 120 130 140 150 160 170 180 190 éOO
mH(GeV/c)

Exclude SM Higgs at 95% C.L.: 147 < my < |75 GeV/c?

Expect to exclude: 100 < m, < 106 GeV/c? & 154 <m_ < 176 GeV/
2
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Compatible with background-only?

o) —
= ~ CDF Runll Preliminary m Alebfenamek
(8] 10 T  azass Expected if SM Higgs signal
2 E SMHiggs, L <100fb" [ evpecteasisa
— int
- 1 = [ ] Expected+2sd.
c =
3 -
o TN e 16
o5 10
% 2G
B 102
1 0-3 """"""""""""""""" 30'
10
: ------------------------------------------ 4G
10'5IIII|IIII|IIII|IIII|IIII|IIII||IIIIIIIlIIIIIIIII
100 110 120 130 140 150 160 170 180 190 200

February 2012 Higgs Boson Mass (GeV/cz)

» Highest local p-value, 2.60, is found at m_,; = 120 GeV/c?
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Is the excess compatible with a SM Higgs?

24?'"l""l""!""!""!""""""l""'
¢ | CDF Run ll Preliminary
- <10
31 ' | |
i Z Fitted Higgs
: cross section
2| ‘
1.5 |
1}
0.5

20 130 140 150 160 170 180 190 200
my, (GeV)

Al B
0100 110 1

Consistent with SM Higgs at | O level for
mass range between 107 and 142 GeV/c?
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How much did things change?

CDF Run Il Preliminary, L < 8.2 fb™ CDF Run Il Preliminary, L <10 fb™
—_ E ""\""!""I""\""!""!""T""I""!"“
(% %’ ‘ Expeéted : CDF :
- g 10 = Observed . | Exclusion _
=10 | — [ | +10 Expected j - ]
E - soBpected
-l 3 :
_I o
(@) N
7o)
2 o
n
o
1 1
CbF Excﬁusion i i CUUJuly7,2001 - — 0
100 110 120 130 140 150 160 170 180 190 200 ‘ : | ; - . Febuany2r0m
mH(GeV/c ) 100 110 120 130 140 150 160 170 180 190 200

my (GeV/c?)

Summer 2011 Winter 2012

A ~0.5 0 excess in mass range from |15
to 135 GeV/c? has become a ~2 0 excess.
How can this happen?
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H—WW —lvlv

| 8% additional data

Small signal acceptance improvements (0.1 < AR, < 0.2)
No appreciable change in behavior of limits

CDF Run Il Preliminary

+=+ High Mass Expected :::

... |:’ High Mass + 2¢

= High Mass Observed

J L=821"

High Mass + 1o

-..Standard-Model.....;...............iovinenne ARSI : ;
111 1 I 111 1 I 111 1 I 111 1 I 111 1 I 1111 [ 111 1 I 1 1 1 1 ] 1 1 1 1
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)

CDF Run Il Preliminary

j L=971"

102 = =+ High Mass Expected i
- . High Mass * 10
L D High Mass + 2
—— High Mass Observed
10
110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV)

Winter 2012
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ZH—vvbb

» 21% additional luminosity

» Small improvements in background rejection

» Limits show same basic behavior with 0.5 to 1.0 0 increases in
significance of excess

95% C.L. limit/ SM

E+b-jets 7.8 fb” [CDF Il Preliminary]

68% Confidence interval

- s 95% Confidence interval
--------- Expected 95% C.L. limit
= Observed 95% C.L. limit

P P S T ST T T T S S
100 110 120 130 140 150
Higgs Mass (GeV/c?)

95% C.L. limit / SM

g +b-jets 9.45 fb' [CDF Il Preliminary]

68% Confidence interval
95% Confidence interval
Expected 95% C.L. limit
Observed 95% C.L. limit

I I
100

1 P S T T T T S S T AT T T T
110 120 130 140 150
Higgs Mass (GeV/c?)

Winter 2012




WH—1vbb

26% (69%) additional luminosity for 2-jet (3-jet) channels
5-10% level lepton acceptance/trigger efficiency improvements
New HOBIT b-tagger equivalent to adding another 20% in additional luminosity

Limits show same basic behavior with 1.0 to .50 increases in significance of
excess

CDF Run Il Preliminary 7.5 fb-1 CDF Run Il Preliminary 9.4 fb-1

s 100 WHohbb2jets+3jets = 10° . WH- Ivbb. All channels combined
g - —e— Observed Limit 2 - —— Observed Limit

E [ =eeeeeee- Expected Limit E [ - Expected Limit

j I Pseudo-Exper.+1c & i | : I Pseudo-Exper. = 1o

o [ Pseudo-Exper.+ 2c o [ Pseudo-Exper.+ 20

R 107 ' ' 2 107 ra e
> &

_______________________________________________________________________

10

T

'."I'1"."I"."r‘1".”.‘".”.”f”."."I"."f".”l".‘”.'T'I"."."I‘1".“5.5 _|:;:‘I":"T";"f'i"f’."TT'f'T'."T"f'l"'\"."f']"l """""" 11
100 110 120 130 140 150 100 110 120 130 140 150
Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)

Summer 201 | Winter 2012 52




ZH—1lbb

23% additional luminosity

More gain from HOBIT in this analysis than WH (original tagging not as
sophisticated)

56% of data events in current analysis were not included in previous analysis!
37% sensitivity improvement (4.67— 2.95 at m ;=120 GeV/c?)

CDF Run Il Preliminary (7.5 fb™" to 7.9 fb™ CDF Run Il Preliminary (9.45 fb™)

Xpectec

bserved

1o

A
5 o e e o OB |

20

95% CL Upper Limit/SM

95% CL Upper Limit/SM

............................... ..................... A llSub_Channels: ..... + B
. ZH > I'T'bb . ZH — I'Tbb
100 110 120 130 140 150 100 110 120 130 140 150
My, (GeV/c?) M,, (GeV/c?)
 Summer 2011 Winter 2012 °



ZH—1lbb

» Muon channels

» See only a slight change in behavior of limits (~0.50)

CDF Run Il Preliminary (7.9 fb™

2

% 10

E

-

>

(=7

=)

- 10 1

Q

X

wn

(=)
1 ZH — nWwbb
100 110 120 130 140 150

My, (GeV/c?)

95% CL Upper Limit/SM

-
o
N

-
o

CDF Run Il Preliminary (9.45 fb'1)

1 ZH — 1" Wwhb
100 110 120 130 140 150
M, (GeV/ch)
Winter 2012
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ZH—1lbb

» Electron channels

» Here we observe a significant change

CDF Run Il Preliminary (7.5 fb™)

CDF Run Il Preliminary (9.45 fb'1)

A n 4+
JAPCCLCU

Ybserved

1o

oK
H+ 1+ o

20

95% CL Upper Limit/SM

95% CL Upper Limit/SM

. ZH >é‘ebb 1 ZH — ¢*e'bb
1106 " 110 120 130 140 150 100 110 120 130 140 150
My, (GeV/c) M, (GeV/c?)

Summer 2011 Winter 2012
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ZH—1lbb

ZH—IIbb channel has ...

lowest backgrounds

102 CDF Run Il Prelimary 9.4 fb:1
smallest expected S 10+ Two dets, Two Tight b-Tags f
signal yields (9 events £ |,
for m,=120 GeV/c?) © E} TH
TE TT T C

Some discriminant bins : 1.

with large S/B G
Low probability for 02 B O R
observing events in 0 05 Y A
these bins 120 GeV Final Discjiminat

A few such events can
. S =0.16 events,
have substantial effects B= 0.06 events

on observed limits ”




ZH—1lbb

Examine top 20 events in
both channels based on
S/B of the discriminant
bin in which it’s located

The electron channel
contains |2 new
candidates within this
high score region, while
muon channel has 5

(120 GeV Signal)/Background

(120 GeV Signal)/Background

CDF Run Il Preliminary 9.45/fb

0.4

0.1

| Top 20 Candidates in S/B

- ZH— p*p’bb Channels
New Candidates For Winter 2012 Analysis
Previously Observed Candidates
| [ I | I
'2: © - N -~ © =] N -~ © ": o “: N 0 'z: %
FERRFRREEEFREEEEG
~N N ™ N N N N - N N N N N N N N N
CDF Run Il Preliminary 9.45/fb

L Top 20 Candidates in S/B

~ ZH— e*e’bb Channels

New Candidates For Winter 2012 Analysis

0.3 - Previously Observed Candidates



ZH—1lbb

To study the effect of CDF Run Il Preliminary (9.45 fb™)
high S/B events onour = | .. Expected
. . = 4 -o-...(Observe
observed limits, we = +16
£ 20
remove our best new ~ — rm best new candidate
and best WO New g- — rm 2nd best new candidat
=
. &) _4
events from the e*e = 7
channel and re-run the ¢
wn
limits =
Gives one sigma level 1 ZH — e*ebb
Changes Ta the ||m|ts 100 110 120 130 140 150

2
at 120 GeV/c2 My (GeVie)



Global Significance of Excess

Highest local p-

value at my = 120
GeV/c?

mass resolution of
searches, dominated
by bb at low mass

and WW at high
mass, is broad

Estimate LEE of 4
for our entire SM
search range from

100 to 200 GeV/c?

Background p-value

10 L CDF Runll Preliminary = Aleprenamels
msmmn Expected if SM Higgs signal
SM HIggS, L S 100 fb_1 - Expected 1 s.d.
1 int |:| Expected +2 s.d.
10
102
107
10"

'5IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIlIIIIlIIII
10900 110 120 130 140 150 160 170 180 190 200

February 2012 Higgs Boson Mass (GeV/cz)
CDF 260 2.1 0
ATLAS 350 220
CMS 3.10 2.1 0
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Tevatron strength: H—bb

Combine our three
primary low mass
search channels

CDF Run Il Preliminary H—bb L =9.5 fb™

= IR R R R ..
g ----- Expected B 10 Expected
} WHQI’Vbb § m—— QObserved - [ ] =20 Expected
- ‘ :
-
» ZH—VvVvbb ©
)
Lo
» ZH—lIbb ®

Allows for a quasi-
model independent

: Febr&lary 28,2012
| t ‘ | ‘ T L e, Lo

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

Higgs production

with H—bb
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Consistent with background-only?

- CDF Runll Preliminary = Hobb chamnels

1 0 - - > ummm Expected if SM Higgs signal
; SM H—)bb, Lint S 95 fb-1 - Expected 1 sd.
— |:| Expected 2 sd.

16

Background p-value

26

3G

100 105 1 0 125 130 135 140 145 150
February 2012 Higgs Boson Mass (GeV/cz)

—f
O_
O‘I-
—
m_

» Highest local p-value of 2.9 is found at m,, = 135 GeV/c?
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Compatible with SM Higgs?

(0,4 X Br(H—bb))/SM

—
o

o

1

- N W, OO N O ©

_ CDF Run Il Preliminary H—=bb
- L=9.5fb"

Fitted Higgs
Cross section

Events/(5 GeV)

February 28, 2012
| Ll L Ll o Ll Ll |

00 105 110 115 120 125 130 135 140 145 150
m,, (GeV)

60

40

20

CDF Run Il Preliminary 9.45/fb

" All Sub-Channels [Jzmascexso | | qo00
ZH (135 GeV) x 50 ]
8 ZH E145 GeV;XSG Z+lf
1 Z+bb
+ + |8 Z+ce
e ‘
i B Sl 10 zz
i’_ 1wz
1 + 1 WW
+++ fake Z
100 150 200

Dijet Mass (GeV/c?)

Data are most consistent with SM in mass range from

105 < my, < 120 GeV/c?

Behavior at higher m,, values is consistent with the
expectation from a lower mass Higgs
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Global Significance of H—bb alone

Highest local

p-value is found at
my = 135 GeV/c?

These searches are
performed in the

mass range between
100 to 150 GeV/c?

Estimate LEE of 2

CDF
ATLAS
CMS

CDF Runll Preliminary === H->bb chamels
-, mumm Expected if SM Higgs signal
SM H—bb, Lims 9.51fb"

—_
o

- Expected +1 sd.
|:| Expected+2 sd.

Background p-value

101
107
10-3 | | | | | | | | |
100 105 110 115 120 125 130 135 140 145 150
February 2012 Higgs Boson Mass (GeV/cz)
H->bb 290 270
H->vy 2.80 .50

H->vy 3.10 |.80 63



CDF Conclusions

CDF has significantly increased the sensitivity of its
Higgs searches by incorporating the full 10 fb"!
dataset and a wide range of analysis improvements

All SM searches combined
» excess of Higgs-like events observed

» consistent with SM Higgs production in the mass range
from 107 to 142 GeV/c2.

» global significance of 2.1 O

Associated Higgs production in the decay mode

H—bb

» excess of Higgs-like events observed, again consistent
with SM Higgs production

» global significance of 2.7 0
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Combined Tevatron Results
Winter 2012

CDF and D@ Collaborations



Verify modeling with ¢(WZ+ZZ)

200 —+- Data - Bkgd

— Bkgd Uncert.
vz

- -200

N’é‘ 12002— Tevatron Preliminary, Lint <9.5fb" °,':° s00_ Tevatron Preliminary, Lint <9.5fb"
3 1000 1+2 b-Tagged Jets Q - 1+2 b-Tagged Jets

S F 4 Data-Bkgd | = 400

8 800 — Bkgd Uncert. 2 M

% aoo;— E;VZZ Ij>j 2oo;

S>j 400[ - ok

-400

|
T

Il Il Il ‘ Il Il Il Il ‘ 1 | 1 1 | 1 Il 1 Il ‘ Il Il Il Il ‘ 1 Il 1 Il | 1 1 1 Il L1 ‘ | | 1111 ‘ | ‘ L1 ‘ I I | ‘ 1111 ‘ ]
100 150 200 250 300 350 400 01 02 03 04 05 06 07 08 0.9
Dijet Mass [GeV/c?] MVA ordered by s/b

o
ol
oL
o

O(WLZ+ZZ)= 4.47 +/- 0.64 (stat) +/- 0.73 (syst) pb
with approximate significance of 4.6 O
SM Prediction = 4.4 +/- 0.3 pb
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Combined CDF and DO discriminants
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Combined Tevatron SM Higgs Limits

Tevatron Run Il Preliminary, L < 10 fb™

T T T T | T T T T I T 1 T 1 I T T T T I T Ll T 1 ] T T T i I ipe]! T T I 1 1 T T I T T T
s===  Expected : 5 1 :
—  Observed Tevatron , |
10 | B :toExpected EXC'"SIOH------- ------------------------------ — -
B _—+tcExpected oSS . S 1
:.,2 ..... +20 Expected i PR e 5 .
o S e T o 1

95% CL Limit/SM

February %7 2012

\\\\\\\\\

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

Exclude SM Higgs at 95% C.L.for 147 < m_ < 179 GeV/c?

Expect to exclude 100 < m, < 120 GeV/c2 & 14| < m < 184 GeV/c?
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Compatible with background-only?

(D [

= ~ Tevatron Runll Preliminary = AlTevehamels

© 10 = g Expected if SM Higgs signal

% | SMHiggs, L <10.01fb [ coeceasisa

- 1 = " [ ] Expected+2sa.

c =

3 iy

© A1\ s 1o

o 107

S = 2
(6)

B 1072

--------------- 3G

C
(98]

CQ
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------------------------------------ 4c

'5 IIIIIIIIIlIIIIlIIIIlIIII|III IIIIIIIIlIIII
10900 1170 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/cz)
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Compatible with SM Higgs?

Log-Likelihood Ratio

40
[ Tevatron Runll Preliminary ALLR, =1s.d.
n _ P [JLLR, +2s.d.
30 — SM nggS, Lint = 100 fb I LLRb
- =-LLRg,p
20 :_ _LLRobs
10 E
O = - - -
-10 :
100110 120 130 140 150 160 170 180 190 200
Feb 24 2011 Higgs Boson Mass (GeV/c?)

LLR = -2In(Q)

Tevatron Preliminary Higgs Projection

60 CELLR, ¥16 Wi LLR;
a0 [ HRe 220 v Rse
20
O N e
-20 i """""""""""""""
40f -
100116120130 140 150 160 170 180 190 200
m,, = 125 GeV Signal Injected my (GeV)

Consistent with SM signal plus background hypothesis
over Higgs mass range from 110 to 140 GeV/c?
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Global Significance

» Highest local

p-value is found at
my = 120 GeV/c?

» Same LEE of 4
for entire SM
search range from

100 to 200 GeV/c?

Background p-value

Tevatron Runll Preliminary = AlTevchannels

wemmm Expected if SM Higgs signal

SM HIggS, L t < 100 fb_1 - Expected +1 s.d.
" :l Expected 2 s.d.

'5IIII|IIII|IIII|IIII|IIII|III III|IIII|IIII
10900 110 120 130 140 150 160 170 180 190 200

February 2012 Higgs Boson Mass (GeV/cz)
CDF+DO0 280 220
ATLAS 350 220
CMS 3.10 2.1 0
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Tevatron Conclusions

CDF and DO have significantly increased the sensitivity
of their Higgs searches by incorporating the full 10 fb-'
dataset and a wide range of analysis improvements

We measure o(WZ+ZZ) with a significance of 4.60
and a value compatible with SM

We observe an excess of Higgs-like events consistent
with SM Higgs production in the mass range from | |5

to 140 GeV/c2.
The global significance of this excess is 2.2 0
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Anatomy of a Limit Plot

|. Upper cross

section limit for Higgs
production relative to

SM prediction

N\

N\

yellow bands)

3. Median expected
limit (dot-dashed
line) and predicted

| 0/20 (green/

excursions from
background only
pseudo-experiments

2. Observed limit (solid line)
from data

CDF Run Il\reliminary

10? =

e
o

95% C.L./og,

-—h

IIIIilIIIiIIIIiIII|iIIIIiIIIIiIIIIiIIIIiIIII
110 120 130 140 150 1? 170 180 190 200

Higgs Mass (GeV)

4. Analysis repeated usiﬁg different

signal templates for each m,, between
| 10 and 200 GeV in 5 GeV steps
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Tevatron/LHC production cross sections

1

SM Higgs production

28,99 — tth

TeV4LHC Higgs working group
||||||| |

Sk TeVI[_E

IIIIIII |IIIIIIIIIIIIIII

100 120 140 160 180 200

m, [GeV]

\s=7TeV -

LHC HIGGS XS WG 2010

| IlIIIII| | IIIIIII|

200

300 400 500

1000
M, [GeV]
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CDF Wij

_ S G 300- CDF Preliminary, L <9.5 b
N§  Big SubData (73 1Y) | (%5, 250 One b-Tagged Jet
8 200}~ Cavesian B o 2005 -+ Data - Bkgd
P & 500 — Bkgd Uncert.
= wa»rwz (all bkg syst.)| | > F mwz
1= 1 € 100 Jzz
0 (d) 1 e
100 i i 52 +
— 0+ T
R
0 102, 927200 500! Y S T T T N R B
/ A G 0 50 100 150 200 250 300 350 400
L Dijet Mass [GeV/c?]
100 200 ]
M; [GeVic'] <G 160= CDF Preliminary, L =9.5fo"
2 140 Two b-Tagged Jets
Tagged samples used O 120 -+ Data - Bikgd
. Q100 — Bkgd Uncert.
for Higgs searches do 3 80 -z
. . & 60— |z
not contain any sign of T 40
° ° zoi
abnormalities that : 4
e
were seen previously in 2T
AV v b e b b b Py
. 0 50 100 150 200 250 300 350 400
pre-tagged region Dijet Mass [GeV/c?

76



CDF Wij

Lots of studies to
try to understand
what’s going on in
the pre-tag region
Detailed studies in
Z + | jet events to

understand potential

differences in quark
and gluon jet energy
scales

G JES Shift

JetE, /ZP,

Z-Jet Balancing: Jet QG Value

T T T T T T T T T T T T T T

—TT T
|  CDFRunll Preliminary,fL:G.Sfb" %

N T MC, JES 0
| = === MC, JES -2¢ (Gluons)

—o— Data - Fakes

[ | === MC, JES -1o (All)

Jet QG Value

x2 of Data and MC Comparisons

CDF Run Il Preliminary, IL =6.6 fb!

Q JES Shift
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CDF Wij

Bottom line of these
studies is that the
JES for gluon jets
needs to be shifted
by 20 in MC to
match with data

The JES for quark
jets is good — not
surprising since well
constrained by top
mass measurements

G JES Shift

JetE, /ZP,

Z-Jet Balancing: Jet QG Value

L B e e .

|  CDFRunll Preliminary,fL =6.61b" ]

1.1~ [ —e— Data - Fakes =F3

R MC, JES 0

r = === MC, JES -2¢ (Gluons) _aand]

N i MC, JES -10 (All) s + i

RS B ]

e . ++ : s

0.95} +.'+" + | | -

oo T 4 E
L | |

-1 -0.5 0 0.5 1

Jet QG Value

x? of Data and MC Comparisons

CDF Run Il Preliminary, J]. =6.6fb"

Q JES Shift
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CDF Wij

In CDF Higgs
searches we apply
-2 0 JES corrections
to the gluon jets in
our MC samples

In the end, the effect
of this is small since
there are few gluon
jets in our tagged
event samples

Number of events
o]
o
o
o

Central Leptons, 2 jets, Pretag WH—Ivbb CDF Run Il Preliminary ( 9.4fb™)

-
-

—

-
-

0 20 40 60 80 100 120 140 160 180 200

Dijet mass NN Corrected (GeV/c?)
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CDF Wij

With these corrections

in place we do not
observe mis-modeling
in the pre-tag region of
our | V jj Higgs search

Caveat is looser cuts
are applied than in the
“bump” search analysis

No official statement
from CDF regarding
“bump” at this time

Number of events

Central Leptons, 2 jets, Pretag WH—Ibb

CDF Run Il Preliminary ( 9.4fb™)

-

80

100 120 140 160 180 200
Dijet mass NN Corrected (GeV/c?)
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Change in Limits at m; = 115 GeV/c?

CDF Run II Preliminary, L. < 8.2 b CDF Run II Preliminary, L < 10 b
| P ! i) T | T R T T T T —

ok
(=]
=]
p—
(=
(=)

90 | my=115 GeV/c® 90 | mu=115 GeV

80 | Signal+Background 80 | Signal+Background
Background X Background
¢ CDF Data g ¢ CDF Data

Cumulative Events
~J
<
Cumulative Events
~
=)

Winter 2012
t 6 8 10 12
Integrated Expected Signal

Summer 201 |
"3 4 5 6 7 8 9 10
Integrated Expected Signal

Excess of high S/B events was present in previous analysis

Change is that the lower S/B event region has become more
consistent with S+B hypothesis
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Excess at my

Events/ 0.05
o)

CDF Run Il Preliminary

195 GeV/c?

OS 1 Jet, High S/B
M, = 195 GeV/c’

0.4

0.6

PRI B
0.8

1

NN Output

Events/ 0.05

CDF Run Il Preliminary

0S 0 Jets, High S/B w
M, = 195 GeV/c?

s o b s b v by v by v by v by e b by by
-1 -08 -06 -04 -0.2 0 02 04 06 08 1

NN Output

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

Nothing peculiar in the modeling of these distributions

Of course, ATLAS and CMS have ruled out a my, = 195 GeV/c?
SM Higgs based primarily on equivalent searches in H->WW
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Deficit at m; = 165 GeV/c?

Entries

10°

107

10

CDF Run Il Preliminary

3 s CDF Run Il Preliminary g s
B . g7 m,=165 @\ EoE m.=125
_ 1 we H @ 3 L _ -1 [ITR H
__j L=9.7fb : ww [T = 10 ?J. L=9.7fb o ww | [Cov
§ 3 Owz @y LICJ o 3 owz @wy
- 2| CW-jet > CIW-+et
C i 0zz  |l@w - 0zz |gx
B $r om0 om om0 oes oo M — Higgsx 5 10° & S o oo oms 100 Bt —Higgsx 5
| NN ScoreHWW E NN ScoreHWW
my =165 7 my = 125
10
- /
| ==
1
r
|1|||_.—4—r4—'_1_'_,_r|| 107 P IR B e e s AR RPN RPN RPN Y
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Driven by deficit of events in high S/B region of our opposite-
sign, low invariant mass dilepton channel

This is the channel in which we obtain increased acceptance
from low AR, events

Nothing peculiar in the overall modeling of this distribution
and deficit is not spread over a wide mass range
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Signal Injection study

The figure on right shows the CDF II Preliminary (10 fb™)
results of a previous study where E L B B B B
we injected a m,, = | |5 GeV/c? N 10%F = Expected Limits + 10

S
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Higgs signal into background-only
pseudo-experiments to study the
potential effect on our observed
limits

Expected Limits + 20
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Because our neural network
discriminants are optimized for 1
separation of signal and background
rather than mass reconstruction, we
expect to observe (in the presence | l 1 1

L ! ! s L
signal) higher than expected observed 100 110 120 130 140 150
limits over a broad mass range nggs Mass ( GeV /Cz)
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