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Outline

1. Brief introduction to the Higgs at the Tevatron
- Production and decays
- Final states and event selection
2. Analysis strategy and procedure
- b-tagging improvements
- MVA improvements
3. Results
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Higgs production at the Tevatron

SM Higgs production
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Compare the LHC to the Tevatron

SM Higgs production
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Higgs final states

We concentrate on low and
high mass separately at
the Tevatron

At m,,< 135 GeV/c2, H—bb

dominates
T60 T80 200 At mH> 135 GGV/Cz, H—-WwWw
Higgs Mass (GeV/c) .
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Strength of the Tevatron is H—bb
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Tevatron Higgs search roadmap

- Events produced at each Tevatron experiment in 1 b’ _
Maximize acceptance N
of the Higgs signal 60 |

50}

40

Sof WH:— Ivbb
. ; ; ZH — vwbb
Model signal and 20 | s ZH =5 1lbb
backgrounds 10 ; , H— WW — Ivlv

accurately, check them! - — Total
‘P10 120 130 140 150 160 170 180

Higgs mass (GeV)

Multivariate techniques Expect only about 10 events

separate signal from per experiment at 125 GeV/c?

background after trigger, reconstruction,
and event selection
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Pursuing a low mass Higgs

ZH —> vvbb

Select:

WH — [vbb

ZH —> 11bb

- 0,1, or 2 leptons and/or missing £
- Two high E; jets

Strategy:

- Maximize efficiency of lepton reconstruction and

selection

- Maximize tagging of b-jets

- Optimize dijet mass resolution

April 27, 2012
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The Tevatron limit last summer

Tevatron Run Il Preliminary, L < 8.6 fo™
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CDF and DO excluded the masses between 156-177 GeV/c?
at the 95% confidence level
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The Tevatron experiments

o _ r ;

Tevatron delivered
center of mass energy
of 1.96 TeV

Over 12 b ! delivered
to CDF and DO

CDF and DO have
over 11 fb~! on tape

We use up to 10 fb!
for these analyses
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Importance of improvements

CDF Run Il Preliminary, m_ =115 GeV
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Analysis improvements increase sensitivity faster than what
would be obtained with data alone
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What is left to improve from summer?

We can obviously add more data, additional
20% gives sensitivity boost of 10%

Include more trigger paths and lepton
selections to further increase acceptance

Make the analyses themselves better

- Improve our MVA techniques

- Improve our data modeling

- Improve dijet invariant mass resolution
- Improve b-tagging
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Improving b-tagging

DO has previously
employed MVA
based b-taggers

Displaced tracks

Decay IifeE:nye/ // —i.Secondary vertex Plenty Of b -Jet
primary vrtex .~ characteristics to
examine
Prompytracks - Displaced vertices

- Mass of the jet
- Track distribution
within jet cone
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b-tagging at DO

MJDT > -0.3 DO Preliminary (9.5 fb)

- J/ N T
[ VH(115) x 50 DO uses a BDT based
tagger, L,, they add

output from both jets

What about CDF using an MVA based tagger?
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CDF has had many taggers
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In 2010, there were as many as 5 algorithms
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Unifying the taggers

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

Construct specifically for b-jets from H—bb
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HOBIT

The Higgs Optimized b Identification Tagger

« Multivariate, provides

continuous output
==L » 25 input variables (use
most sensitive inputs to
earlier taggers)

+ Use jets from H—bb
MC to train

« Use ttbar and soft
electron samples to
validate

HOBIT Output
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Loose SecVix
_ Tight_ SecVix

035 04 045 . 055 06 065 0.7 075 0.8
B Jet Efficiency

SecVtx HOBIT
rate efficiency efficiency

~1% 39% 54%

~2% 47% 59%

Ben Carls
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HOBIT with WH—Ivbb

Old - multiple taggers New - HOBIT
Tagging Category

Tight-Tight

Tagging Category

SecVix+SecVix
Tight-Loose

Single Tight

SecVix+JetProb

SecVix+Roma
Loose-Loose

Single SecVix

Single Loose

S
il Sum

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

» 11% gain in S/VB translates directly into increase in overall
search sensitivity
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b-jets have qualities
different from light quark
jets

We use special jet energy
corrections focused on b-
jets to improve dijet inv.
mass and missing £

NN correlates jet
variables and produces a
new jet energy based on
b-quark hypothesis
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Improving mass resolution
CDF Il Preliminary L J

ZH — vV bb events
m, = 130 GeV/c®

—— 0ld Res. = 0.1954
—— NN Res. = 0.1546
1 FWHM

m;; Res. = —
o 2 maxm i

140 160 180 200
m; (GeVic

We see a 20% increase in relative dijet mass resolution
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Improved MVA techniques PBF%

ZH—vvbb Analysis sample
DO Preliminary (9.5 fb™)
== Data

Top

=V Need to separate out QCD

B Muitijet

) VH(115) x 500 frO m ZH- —)VT/bE

Events / 0.10

Separate out some with cuts:

Large missing £, missing
E,not collinear with jet, no
back to back jets

Do Preliminary (2.5167) Suppress the rest with BDT

B Veh faVV
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significance, angular
variables...
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Multijet DT
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Improved MVA techniques PBF%

ZH—vvbb Analysis sample (Medium b-tac
DO Preliminary (9.5 fb™)

Top

B VahfaeVY
Va4l f.

B Multijet

) VH(115) % 50

i -1
Do PreI|_r;"'|_|Ig;.t'aarg,r (9.51b™)

Top
B VahfaeVY
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B Multijet
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One final discriminant is then created
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Improved MVA techniques

We made several MVA improvements in
several channels

5

For example in ZH—IIbb, the background
processes have different kinematics

We can improve a single NN to separate signal
from backgrounds

No
Tagged Is event Z+qq WZz/727 :
events = irlike? ‘ like? jke? g Region4

Yesl Yesl

April 27, 2012 Ben Carls 24
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Improved MVA techniques

CDF Run Il Preliminary 9.45/fb
All Sub-Channels

« data
ZHIf
Z+bb
Z+cc
tt
77

Events/Bin

B wz
WWwW
fake Z
|:| ZH (125) x 50

tt expert-NN output

No No No
Tagged Is event Z+qq WZz/727 _
events t-like? like? like?
Yes Yes Yes
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Improved MVA techniques

CDF Run Il Preliminary 9.45/fb
All Sub-Channels

« data
Z+If
Z+bb

Z+ce
tt

showing : ee pp TwoJet Threedet TT TL T

Events/Bin

YN/

ﬂ_{t + B wz
‘H‘ Jfﬁ ww
H, i fake Z

|:| ZH (125) x 50
0.5 1
Z+If and Z+cc expert-NN output

No No No
Tagged Is event Z+qq WZz/727 _
events t-like? like? like?
Yes Yes Yes
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Improved MVA techniques

CDF Run Il Preliminary 9.45/fb
All-SubChannels

it i Z+qq: WZZZ : ZH

+ data
: : ZH1f
t 5 5 Z+bb

: : Z+cc

Events/Bin

7.7
B wz
WWwW
fake Z
[[] zn (120 x 50
0.5
ZH (120 GeV) Discriminant

We do not discard anything, only reshuffle

We end up with bins having high S/B

April 27, 2012 Ben Carls
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Diboson searches for validation

Do we see WZ and ZZ events ?

« Same final state

« Same set of tagged events

* Well known SM process
« Same background model

 Different MVA optimized for WZ and ZZ events

April 27, 2012

Tevatron Preliminary, Lint <95 fb!

Two b-Tagged Jets

50

Ben Carls

—4— Data
Bl wz
I zz
I Bkgd

200 250 300 350 400
Dijet Mass [GeV/c?]
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Diboson searches for validation

Events / (20 GeV/c?)

Tevatron

Two b-Tay
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Diboson searches for validation

WH, All leptons, 2 jets, TT+TL

CDF Run Il Preliminary ( 9.451‘!:'1;
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440 signal events and ~35,000 background
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The Tevatron Higgs search results

April 27, 2012 Ben Carls
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No Channel left behind!

Channel CDF 95% CL D0 95% CL
M =120 GeV/c? My=120 GeV/c?

'|—>W 11 x SM 12 x SM

VH—ep+X - 5.9 x SM
VH—eep/ppeltty +X 7.1 x SM
VH,VBF,ggH—>t1+1/2 jet

Channel CDF 95% CL D0 95% CL
M =165 GeV/c?  M,=165 GeV/c?

H—WW-=lviv 0.7 x SM 0.8 x SM
H—->WW-—lvqq’ - 5.2 x SM

H—ZZ-llI 20 x SM -
Etc.
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Analysis result for the Higgs search
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The Tevatron limits per experiment

CDF Run Il Preliminary, L <10 fb™ D& Pre”minary, L t <97 b — Observed

& === Expected

SM Higgs Combination
[ Expected +1 s.d.

|:| Expected 2 s.d.

95% CL Limit/SM
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100 110 120 130 140 150 160 170 180 “%9'62300 100 110 120 130 140 150 160 170 180 190 200
Iy (Sevie:) Feb 24 2012 Higgs Boson Mass (GeV/c?)
CDF: DO:
Excludes 149-175 GeV/c? Excludes 159-166 GeV/c?
Expected 154-176 GeV/c? Expected 157-172 GeV/c?
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The Tevatron combination

Tevatron Run Il Preliminary, L <10.0 fbo™

! Ex;Lected l | 'l l ATLAS+bMS
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418,k Expected +ATLAS+CMS ------ oo fomascosoozcs —
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The Tevatron combination

Tevatron Run Il Preliminary, L <10.0 fb™

ATLAS+CMS

Expected 1 1 :
Tevatron 1 Exclu5|on

— Observed
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tron + L;EP I:E);(c::l

3 ATLAS i MS

m EchUSIOI‘I February 2012

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

Observed exclusion 100-106 GeV/c?, 147-179 GeV/c?
Expected exclusion 100-119 GeV/c?, 141-184 GeV/c?
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Success of the improvements

CDF Run Il Preliminary, m =115 GeV

Summer 2005 November 2009
Summer 2006 July 2010
Summer 2007 July 2011
January 2008 February 2012
December 2008 Sensitivity Goal
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The LLR of the Tevatron combination

(data | s+ b)
p(data|b)
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The p-value of the Tevatron combination

= Al Tev channels

Tevatron Runll Preliminary
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Global Significance

Tevatron Runll Preliminary
SM Higgs, L <10.0fb”

Lowest local p-value is
found at m, = 120 GeV/c?
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For global, account for
LEE over entire SM
search range

from 100 to 200 GeV/c?

-5
10100 110 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/cz)

SM Higgs Searches

Experiment Local p-value Global p-value

CDF+DO0 2.70 2.20
ATLAS 3.50 2.20
CMS 3.10 210

April 27, 2012 Ben Carls 40



Fit for 6, < B(H—X)

Tevatron Runll Preliminary
L . <10.0fb"

nt —e— Best Fit

Best Fit 6/ o,

3.5
3
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2
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- o
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February 2012 Higgs Boson Mass (GeV/c?)
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Conclusions and Outlook

Continuing improvements in Tevatron Higgs searches give
sensitivity better than:

1.15 x SM for m,, <185 GeV/c?

We observed an excess in data relative to the background
only hypothesis in the low mass region

The global significance of excesses is 2.20 across all
channels

We another combination coming this summer with further
improvements

April 27, 2012 Ben Carls
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The limit for just H—bb

Tevatron Run Il Preliminary H—-bb L <10.0 fb™
e

+1 s.d. Expected
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120 150
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The p-value for just H—bb

Tevatron Runll Preliminary == TevH-bb channels
SM Higgs, L <10.0 fb™

-
o

Background p-value

100 105 110 115 120 125 130 135 140 145 150
February 2012 Higgs Boson Mass (GeV/c?)
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Inputs from BNess tagger

P, (GeVic) s Pperp (GeVic)

light jets

b-jets
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—=— Bkg Sub Data (7.3 fb™")

Gaussian

M, [GeV/c?]

« Tagged samples used for
Higgs searches do not
contain any sign of
abnormalities that were
seen previously in pre-

tagged region

April 27, 2012

CDF Preliminary, L

<95 fo™!
One b-Tagged Jet

-+ Data - Bkgd
— Bkgd Uncert.
w2z

[1zz

&
=
=

il
]
o
o
o

c

@
=

L

R %%L |

!

160; CDF Preliminary, L <9.5 b’

140 Two b-Tagged Jets

120 ' —~+ Data - Bkgd
100 — Bkgd Uncert,

80 mwz
i
60 —

40

150 200 250 300 350 400
Dijet Mass [GeV/c]

Events / (20 GeV/c?)

50 100 150 200 250 300 350 400
Dijet Mass [GeV/c]

Ben Carls 46



CDF Wijj

Z-Jet Balancing: Jet QG Value

 Lots of studies to try | e
to understand what's . i
going on in the pre-
tag region

» Detalled studies in Z
+ 1 jet events to
understand potential ¥* of Data and MC Comparisons
differences in quark e | '
and gluon jet energy
scales

G JES Shift

Q JES Shift

April 27, 2012 Ben Carls
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CDF Wijj

Z-Jet Balancing: Jet QG Value

* Bottom line of these F e
studies is that the ol Lo e v ™
JES for gluon jets
needs to be shifted by
20 in MC to match

with data

e The JES for quark x2 of Data and MC Comparisons
CDF Run Il Preliminary, _|qL =6.6fb"
jets is good — not s
surprising since well
constrained by top
mass measurements

G JES Shift

Q JES Shift

April 27, 2012 Ben Carls
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CDF Wijj

Central Leptons, 2 jets, Pretag

 In CDF Higgs searches
we apply -20 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

[1+]
[=]
(=]
=]

Number of events
e | [#2]
[ ] [&]
(] (o]
(=] o
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CDF Wijj

« With these corrections In
place we do not observe
mis-modeling in the pre-
tag region of our lvjj
Higgs search

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

* No official statement
from CDF regarding —

100 120 140 160 180 200

“bu mp” at thls tlme Dijet mass NN Corrected (GeV/c?)

Central Leptons, 2 jets, Pretag WH-Ivbb CDF Run Il Preliminary ( 9.4fb™")
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Excess at m, = 195 GeV/c?

CDF Run Il Preliminary

0S 1 Jet, High S/B ) 5 0S 0 Jets, High S/B
M, = 195 GeV/c’ i M, = 195 GeV/c®

)
Q
=]
0
el
g
>
ww

04 06 028 1

04 06 028 1
NN Output

NN Output

« 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 m, = 195 GeV/c?
SM Higgs based primarily on equivalent searches in H->WW
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