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UNIVERSITY nggs boson
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e SM describes interaction between
elementary particles

* |t is incomplete without the EWK
symmetry breaking via Higgs
mechanism

* Higgs mechanism predicts:

» Massive vector bosons and massive terms
for fermions

» Effective mass term for Higgs fields

» Does not predict the Higgs mass
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* Higgs mass is the free parameter in SM, but . . W W

constrained from indirect EW measurements . .

* (Mw, Miop) prefer a SM Higgs Boson with My
below 152 GeV
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Tevatron

L
e

Data =

Luminosity (pb'1)

p-pbar collider at Ecm =1.96 TeV
Two detectors: CDF & DO

Records
e Peak luminosity: 430x103° cm™2 st
* Best week: 85/pb

Run |l: 2001-2011

e 12 fb-1 delivered
e 10 fb-1 collected

01/09 0110 01/11
L L B B B B

Delivered 12 fb! —_—
Collected > 10 fh1 im——

: S
E « Acquired //:7 E
Time >
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* Last collision on Sep 30t
2011

e 25 years of data-taking and
exciting physics results

Tevatron

L
e

Data =

Luminosity (pb'1)

p-pbar collider at Ecm =1.96 TeV
Two detectors: CDF & DO

Records
e Peak luminosity: 430x103° cm™2 st
* Best week: 85/pb

Run |l: 2001-2011

e 12 fb-1 delivered
e 10 fb-1 collected

01/09 0110
T Tt

01/11
1 BN L B

Delivered 12 fb! ——3 ~
Collected > 10 fb1 imwm =

; \ \ ' // ;
E . Acquired‘ //:7 E
Time >
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.- CDF & DO 4

Muon systems

EM and Had

Calorimeters

Solenoid

Tracker

Silicon Vertex Detector
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L

uversry Higgs timeline at Tevatron =

T T ——

i ¢ Firstresults at 1.96TeV in 2004

* First Tevatron combination in 2007

*  First Higgs exclusion at hadron collider in 2008
»  First time since the LEP era

*  First single experiment exclusion in 2011

.

' Couple of results in Run | at 1.8TeV in 1998 |

PHYSICAL
REVIEW
LLETTERS
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""" Expected
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Expected 220
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Pabdished by the %
American Physical Society physlcs Volume 104, Number 6
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sty Previous results. Goals. =

|

Upper limits on cross
section for Higgs production

N\

*  ~30% gain in sensitivity by using full dataset

*  Crucial to improve the analysis technique

» Luminosity only improvements were not sufficient

relative to SM prediction =

Tevatron Run II Preliminary, <L>=5.9 !

L ‘ \\\\\\\\\\\\\\\\ ‘ L ! L ! \\\\\\\\ ‘ T . 5
% LEP Exclusmn Tevatron \Observed limit from data ]
= 10 1 : 5 EXC]USIO 2 T—
.g B Observed e A
] 777~+;0Expected > . .
220 E ted P "
- | T ot A
N Y
S B S S N A Y, e
ln ..- ‘O‘ ””””””
=) ¢“i--- i..-....i"-. : ¢”’
| B e s s —s—— "2 < —"L o co——

Expected limit and 10/20
from background only
pseudo-experiments

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

We test Higgs mass ranges o

— m— 100-200 GeV in 5 GeV steps
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Higgs production

o(pp-§H+X) [fb]
)

] H

—
Tevatron

Vs=1.96 TeV
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/
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Low |, " g
H|gh mass 107 TEvatron |
Mass i |- Vs=1.96 TeV ]
\& A
. ‘\\-/ ‘ =t
Production* [ WH, ZH | gg-H || «*
W | |
Decay H-bb H-WW | (.
........................................................... q CD*’VLOEW)
1 F -
bb+ey 100 125 150 175 200 225 250 ‘2:‘15‘ [Ge\??o
Main . H
UW+vy : o ‘ —
modes bb+£e g 1 f Eg
bb+v v = 2
410" =)
m
* No channel is left behind. LONG list of “secondary”channels a
with total weight of 10% to the final combination £
102 =
10° 300 200 300 400 500 1000
My, [GeV]
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[ Events produced at each Tevatron experiment in 1 fb’ |
LR
S 60;—
o 50
400
300 ~—— WH — Ivbb -
i ZH — vvbb “
20- === ZH =5 libb
10:_ e H— WW = Ivlv
- : - Total
5 |
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Higgs mass (GeV)

o(pp—~H+X) [fb]
)
w

—
Tevatron

Vs=1.96 TeV

225 250 275 300
m,, [GeV]

100 125 150 175 200

Benmaaas

‘f ® About 1000 Higgs events expected in main

| channels of full Tevatron dataset (10 fb")
e 10-20% survive trigger+reconstruction
+selection efficiency

— RN —

Higgs BR + Total Uncert'

LHC HIGGS XS WG 2011

300 400 500 1000
M, [GeV]

100 200

Y. Oksuzian, Brookhaven 2012, Higgs boson searches at the Tevatron 13




Higgs production

UNIVERSITY
7VIRGINIA
[ Events produced at each Tevatron experiment in 1 fb’ |
a 79
- \
o 60
o 50
40}
300 —— WH - Ivbb
- ZH — vwbb ‘
20- == ZH =5 1lbb
10:_ e H— WW = Ivlv
F — Total

‘P10 120 130 140 150 160 170 180
Higgs mass (GeV)

‘1 ® Higgs signal is buried under overwhelmed

I SM background processes
e Yesterday’s signal is tod

—— =

ay’s background

T T i e —

N ® About 1000 Higgs events expected in main

| channels of full Tevatron dataset (10 fb")
e 10-20% survive trigger+reconstruction
+selection efficiency

— - = ———  _ _— _ _ _
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_é :J o o/c DO pub./prelim.
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o Higgs signal is buried under overwhelmed |
I SM background processes |

e How to find a needle? e Yesterday’s needles is tod

e

ay’s ha

» Maximize signal acceptance

v triggers ﬁ 1055— Tevatron Run Il SM Cross Sections
v leptons é ::._,-\ o/c DO pub./prelim.
B il o/o CDF pub./prelim.
v b-jet tagging and resolution ((/o) 10 E oo Theory
E . k.
v explore all final states o L } 95% GL upper limit
O 10’
» Model signal and all background 5 E
° L A
processes well to reduce BG 3 102 Yo e
. o F
» Counting won’t work C
10 = &0
v Advanced MVA analysis technique E e Y1 P
i o,
1 - & M,=160
10-1— i"/. | | é | ElI
S A N A R ™

Y. Oksuzian, Brookhaven 2012, Higgs boson searches at the Tevatron 15



UNIVERSITY Higgs production

7VIRGINIA

‘1 ® Higgs signal is buried under overwhelmed
i | SM background processes ;,
e How to ﬁnd d needle? e Yesterday’s needles is today’s haystack I

—— =

» Maximize signal acceptance

v triggers 8 10°L Tevatr
c F
v leptons 2 Ce-o
v b-jet tagging and resolution N =
)] =
v explore all final states o -
O 10’
» Model signal and all background 5 E
3] L
processes well to reduce BG 3 102
. o
» Counting won’t work C
10 e
v Advanced MVA analysis technique E e s
C T,
1 = 3 /M 160
10" | L | l[
w 2 W & Wy if Wy 22 /*L_;M/W
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/ [ Diboson (5%) \
[ ] Top (34%)
[ Wbb (34%)
A [ W/Z+jets (20%)
n\\\""“\\,«— [ ]Multijets (7%)
— \N - — WHx10
Event kinematics \\ - (M= 125 GeV/c?)
input variable 1 - :
Signal - 1 1 t
Backgrounds
[/
/ /
| . 1 > L
input variable 3 input variable 4
TE
H _lllll nnnnnnnn l||||||||1|||||||||||11|1||||11”7
Correlate multiple 0 01 02 03 04 05 06 07 08 09 1
input variables N NN output (M= 125 GeV/c?) )

1-2 years of data taking

Improve analysis by ~¥20% compared to the
fit of the most sensitive variable
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CDF Run Il Preliminary J. L=48fb"

£ 0S 0 Jets Wejots &
120 m,, = 160 GeV/c? Wy

=, “wr e
100 Dé?w ‘w |J-+
o

Events /0.5

—HWW x 10

- Data W' @

[o1]
o
T 1T | I TT | T TT | T TT | T TT | T

OO

T T —— — s

/ * Two opposite charge lepton, large missing Et

' * Noresonance - smeared by neutrino. Angular
distributions are useful to distinguish

e Spin correlations: lepton go in the same direction

* Dilepton opening angle is strongest discriminant

* To take full advantage MVA is used.
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nis H—bb

%6J““\““\““
e) - CMS
5] T Vs=7+8TeV,L=5.0+ 5.1fb"
S 5[ VH(bb), combined
- - —e— CLgObserved
_g [ --e-- CLgExpected
ALEs A — 41— +10
Sensitivity at M, ;=125 GeV 3 [ o Emomanze
£ s
Tevatron Atlas, CMS
2
H->WW ~3.5xSM 1xSM 1
:\\\\\\\\\\\\\\\\\\\\\\\\:
H-yy <10xSM 0.5-1xSM 110 115 120 125 130 135
Higgs boson mass [GeV]
H-bb 1.5xSM 1.6xSM ] 1
Tevatron Run Il, SMH—bb, L, <9.7 fo
P | —Tobseved | "% Expected for m,=125 GeVic®
----- Expected w/o Higgs

+1s.d.

100

T T T T T TN I TE HHSIN VSN MR}
105 110 115 120 125 130 135 140 145 150

m, (GeV/cz)
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H—bb strategy

q
Z*
a o
b,
'+ It's all about b-jets.
|
| » b-tagging ID efficiency
» di-jet mass resolution
* Higher lepton acceptance helps as well
 Use MVA analyses to discriminate between signal
and background or various background components |
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Effect of b-tagging

All Leptons, 2 jets, Pretag WH-vbb CDF Run Il Preliminary ( 9.4fb™) All Leptons, 2 jets, "T" b-tags WH-Ivbb CDF Run Il Preliminary ( 9.4fb™)
I 450 F
10000 I “ H ; = 400 2 + | H ; "
| zz F zz
. before tagging | &= : 1 b-jet =
Cww r Cww
B [ single top (t-ch) 350 [ i [ Single top (t-ch)
B - [ Single top (s-ch) [ [ single top (s-ch)
8000 [ty 200 E [ty
- F [ Nonw QCD - [ Nonw QCD
) Z+ets [ [ Z+jets
[ Wi E [ Wl
6000 O weee 250 |- O weee
R W+bb [ R Wabb
3w+t 200 B 3 wait
—— WH (115 GeV) x 100 F —— WH (115 GeV) x 10
. | Hx10
100 |
2000 L
50 |
0 155282 Data Events 0 E 5718 Data Events
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Dijet mass (GeV/c?) Dijet mass (GeV/c?)
All Leptons, 2 jets, "TT" b-tags WH—IvbB CDF Run Il Preliminary ( 9.4f6") —
45 |
F . - —e— Data
[ | Bz
40 | H ERwz
- -jets =i
[ [ Single top (t-ch)
35 ) [ Single top (s-ch)
r [y
- [ ! (3 Nonw QCD
30 |- [ Z+jets
F I W+cj
o5 [ W+ce
F [ w+bb
[ 3w
20 L HX1 O = WH (115 GeV) x 10
15 F
10F
5F
0 E 556 Data Events
0 20 40 60 80 100 120 140 160 180 200
Dijet mass (GeV/c?)
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The Higgs-Optimized b-ldentification Tagger(HOBIT)

L
e

Take advantage b-meson lifetime(displaced vertex) and soft lepton from semi-
leptonic decays.

By 2010 CDF had at least 5 types of b-taggers

We incorporate the knowledge from previous taggers into:

»  The Higgs-Optimized b-Identification Tagger (HOBIT) - multivariate b-jet tagger

Number of events
~ 0]
o o
o o

(o2}
o
o

500

400

30

o

200

All Leptons, Pretag

~

Loose b-tag > 0.7
- Tight b-tag > 0.98

100 f

—— CDF Data
D Diboson
[ ]Top

B wob

[ |wWizijets
[ ]Qco

= =

4
- . Saett.

1
-1 -0.5

1
0 0.5

1
Hobit Output /

ict ; SecVix efficiency* | b-tag efficiency*
mistag rate (old tagger) (new tagger)
~1% 39% 54%
~3% 47% 59%
Tight ~1% 54%
Loose ~9% 70%

Form 5 orthogonal tagging categories: TT, TL, T, LL, L
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 Take advantage b-meson lifetime(displaced vertex) and soft lepton from semi-
leptonic decays.

* By 2010 CDF had at least 5 types of b-tag

 We incorporate the knowledge from g

» The Higgs-Optimized b-lde|

o)
4 All Leptons, Fireees %
o0 - . SecVix efficiency* b-tag efficiency*
‘ (old tagger) (new tagger)
800 |-

8 e
§F 39% 54%
500 | ~3% 47% 59%
400 z—
=« Loose b-tag > 0.7 Operating Point mistag rate* b-tag efficiency*
20 T
0F g - Tight ~1% 54%
0 L 1 1
? v i " Hobit Output Loose ~9% 70%

Form 5 orthogonal tagging categories: TT, TL, T, LL, L
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* Several(12) operating points were implemented for DO MVA b-tagger
» Lp=[0, 12]; Lp=0 - untagged jet, Lp,=12 - high purity b-jet

 Use all 12 operating points
» Add Ly values for each jet to form per event likelihood

» Cut on sum to define medium and tight b-tag sample

x10° ZH—>yvbb Analysis sample (Pre b-ta
> CTor T ' 1 D10 - T ]
3 | DO Prellmlnary (9.5 fb™) ] 2 EMJDT >-0.3 E
. ] S 5
10— - = Top - > = ]
2 C [ z+lh;f.+vv i w i - :
=~ - . Multijet . L™
"2 — [ VH(115) x 500 ] 10°E =
S o - I ]
m B i -
:— _: 10? =
) 100 150 200 250 300
DiJet Invariant Mass (GeV) Lo
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b-tagging at DO

L
L. 2

ZH—>wbb AnaIVS|s sample (Medlum b-ta

DO Prellmlnary (9.5 fb )

- TOP

B V+h.f4VV
V+L.f.

B Multijet

] VH(115)x 50

(=}
o

(=}
o

Events / 10 GeV
Y g 2]
o

300
200

100

2

150 500 250 300
DiJet Invariant Mass (GeV)

50 100

X
—h
10
)

. ZH—>wbb IAnaIVS|s sample (Pre b-ta
DO Prellmlnary (9.5 fb™) ]

-o- - TOP

B V+h.f4VV
V+l.f.

B Multijet

[ VH(115) x 500

Events / 10 GeV

. ZH—>wbb AnaIVS|s sample (Tlght b-tag}

DO Prellmlnary (9.5 fb’ )—

- TOP

B V+h.f4VV
V+L.f.

B Multijet

] VH(115)x 10

-

Events / 10 GeV

‘-'III|III|III|III|III|III

-]

700 150 200 250 300
DiJet Invariant Mass (GeV)

0 10 - T ; >
= 10E . m ary (9.5 fb™)
[ = :':
oo
L
10°
- >
1025—
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UNIVERSITY Mass Resolution #

* Dijet mass is the MOST powerful variable - 75% of total sensitivity
» Peaking for Higgs signal and falling for most of background

« Jet-energy corrections generally derived from light-quark jets

» b-jets have properties which are very different from light flavor quark jets
» Wider, presence of muon and neutrino.

 MVA algorithms correlate jet related variable and return most probable jet
energy, improving resolution by ~20%

CDF Il Preliminary

0.04-
= ZH-vVbbevents
0.035— m, =130 GeVic?

Light jets

003

0025 0 Res.= 0.1054

[ —— NNRes.=0.1548
0.02—

0.015—
0.01—

0,005

_IIII 1 1| 111 II!lIII:[I‘II‘III =
00 2 40 60 80 100 120 140 160 180 0

P m, (GeVic
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e

* Three major backgrounds in ZH->lIbb
« Train dedicated neural net for each type
« Good alternative to Matrix Element technique

[AII Candi

\# <0.5 "
tt expert network o
output Lu
<0.5
>0.5 0 0.25 0.5 0.75 [
Final Discriminant
If+charm expert
network output <of
>0.5
>0.5 diboson expert network
output
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MVA improvements

All

tt

Fu s

Event/Bin

No

N
o
o

150

100 |

50 |

events are discarded
Keep signal to increase significance
Background to constrain uncertainties

__

CDF Run Il Preliminary 9.45/fb

I i

AII-SubCha;'meIs : I . data
- showing: ee ;:p TwodJet ThreeJe:t TT TL Tx LL : - ZHf
: I # l I 1 Z+bb
% tt : Z+j : Wz/22 : ZH 1™ Z+ce
I 1= [ I ] tt

| I | 77 |

+ :D : : ] Hwz “ !

| ¥ | | WW I
r IS : + : : 1 fake Z |
i *, —t ¥ I : [Jzna25x50 |
Y i O = o |
0 0.5 1

ZH (125 GeV) Discrimit 7

Y. Oksuzian, Brookhaven 2012, Higgs boson searches at the Tevatron 27



UNIVERSITY
JVIRGINIA

MVA improvements

No events are discarded

* Keep signal to increase sigp
. Ba ground-t=== -

__sigTot

_125 GeV
=
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 We check the modeling

» Each individual input to MVA is tested in the control

regions
»  Well known SM processes: single top and diboson in
particular
« o(WZ+ZZ2)*Br(Z->bb) = 0.68 + 0.05 pb (SM), six times
larger than
*  o(WH+ZH)*Br(H125->bb)=0.12+0.01 pb Giaooo Tevatron Preliminary, L < 9.5 fb”
S - int
%12000i 1+2 b-Tagged Jets
g B —+- Data
40000 B wz
o T [1zz
€ 8000 [ Bkgd
i 6000+
4000
2000

OO 50 100 150 200 250 300 350 400

Dijet Mass [GeV/c?]
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 We check the modeling

» Each individual input to MVA is tested in the control

regions
»  Well known SM processes: single top and diboson in
particular
« o(WZ+ZZ2)*Br(Z->bb) = 0.68 + 0.05 pb (SM), six times
larger than

*  o(WH+ZH)*Br(H125->bb)=0.12+0.01 pb
*  We find perfect agreement with SM prediction

—
N
(=]
=)

1+2 b-Tagged Jets

-
o
o
o

800

Tevatron Preliminary, Lint

600

~4.60

Events / (20 GeV/c?

400

200

+

<95fb"

—+-Data - Bkgd

B wz

1zzZ
Higgs Signal
m,=120 GeV/c?

-+

|||I|||||||||ll||ll||||||l|||l

-200

o
-
o

 O(WZ+ZZ)= 4.47 + 0.64 (stat
‘s (SM Prediction = 4.4
, > o -

) £ 0.73 (syst) pl
+ 0.3 pb

II||III IIIIIII|I|II|IIII|IIII
100 150 200 250 300 350 400

Dijet Mass [GeV/c?]
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UNIVERSITY H->bb limits
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uwesy H->bb excess significance
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moesry Limits from CDF/DO #
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Combined limits
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Combined limits
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UNIVERSITY Combined limits
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UNIVERSITY Combined limits
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usversy  EXCESS sighificance
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Is the excess consistent with background only assumption?
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UNIVERSITY Best GH fit
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UNIVERSITY nggs Summary

7VIRGINIA

Excluded values of MH @ 95% CL

Expected Observed
100-120 GeV 100-103 GeV
139-184 GeV 147-180 GeV
Significance of observed excess
Channels Local Global
All Tevatron 30 250
H->bb 330 310
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usversry IMlake the results possible

7VIRGINIA

CDF Run Il Preliminary, m ;=115 GeV
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® Amazing performance from accelerator division
e More than a factor of 2 in improvement over what is expected from luminosity!
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UNIVERSITY Conclusion #
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Full Tevatron dataset incorporated into most of Higgs search channels

» Overall sensitivity better than 1.15xSM

» Broad excess(2.50) in the data in the low mass region(105< muy<145 GeV)
Tevatron results are complimentary and competitive in H->bb
We observe a significant excess in H->bb final state

» Local excess significance of 3.30

» Global excess significance of 3.10

We interpret that as an evidence of Higgs-like boson produced in association
with a weak vector boson and decays to a bb pair
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UNIVERSITY Conclusion #

Results

e Tevatron:
— http://tevnphwg.fnal.gov

e DO:
— http://www-d0.fnal.eov/Run2Physics/WWW/results/higgs.htm

e CDF:

— http://www-cdf.fnal.gov/physics/new/hdg/Results.html
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UNIVERSITY High mass excess

7VIRGINIA

CDF Run Il Preliminary

CDF Run Il Preliminary j L=97fb"
& 19°E 0S 1 Jet, High S/B = 8 10°L 0S 0 Jets, High S/B o
o M, = 195 GeV/c” J o M, = 195 GeV/c’ -
9 10? 2
o o
> >
TR w

10

102

1 1 11 1 1 1 11 11 1 11 1 l 11 1 I 11 1 I 11 1 l 11 1 I 11 1 I 11 1 I 11 1 l 11 1 l 11 1
-1 -08 -06 -04 -0.2 0 02 04 06 038 1 -1 -08 -06 -04 -0.2 0 02 04 06 08 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 mH = 195 GeV/c2 SM Higgs based primarily on equivalent
searches in H WW

Y. Oksuzian, Brookhaven 2012, Higgs boson searches at the Tevatron 47



UNIVERSITY CDF W+jets bump
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studies indicate that JES for gluon jets needs to be
shifted by 2c in MC to match with data

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

In CDF Higgs, -20 JES corrections are applied to the
gluon jets in the MC samples

In the end, since there are so few gluon jets in tagged
samples, the effect is small

With these corrections in place modeling looks pretty
good in the pre-tag region of the WH Higgs search

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

W+ |

. e = S
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Dijet mass NN Corrected (GeV/c?)
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UNIVERSITY Likelihood ¥
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* \We set limits on the Higgs boson production rate
e Use a combined binned likelihood fit:

Expected Nui
uisance
Nchannel Nbins ,u?-ij SVents: Ny s parameters
= I 1T pe < L

o
i=1  j=1 % k=1

Observed

events

e Uncertainties incorporated as nuisance parameters. Shape and
normalization of background and signal
e Determine best-fit nuisance-parameters by maximizing likelihood
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S oo T s
T 20 - Tevatron Run I, L < 9.7 fb [ LLR, #1sd.
T ot " [JLLR, =2sd. ]
-§ 15 = --- LLR, E
p(data | S+ b) < £ === LR, ]
LLR = —2 ln 2 10 - — LLR,,, .
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p(data | b) jc.” 5 N T m, =125 GeV/c*
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LLR<0: Signal-like experimental outcome I =
-1 El'l 1l l 1111 l 1111 l 111l l 111l l 1111 l 1111 l 1111 l 1111 l 11 115
100 105 110 115 120 125 130 135 140 145 150
m,(GeV/c?)

Y. Oksuzian, Brookhaven 2012, Higgs boson searches at the Tevatron 50



UNIVERSITY P-Va lue
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Strategy — Run the cross section fit on background-only pseudo-
experiments

Count the pseudo-experiments with Rfit > Rfitobs  The fraction is
the p-value

Convert to a significance in “standard deviations”.
Do this at each mH value separately

Using LLR instead of Rfit is supposed to be more optimal, cross
section fits are better behaved.

Pseudoexperiments

CDF Run Il Preliminary, L = 9.45 fb™!
L B

10 ¢

m,=135 GeV
All Channels

p-value(Counting)=0.00326444
z-value(Counting)=2.71997 -
expected p-value=0.231759 1
expected z-value=0.733066 °
Gauss Approx exp z-value=0.68438

10 12

2 4 6 8
Fitted Cross Section/SM
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History of b-taggers at CDF
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 Improvement in b-tagging efficiency are crucial to various high Pt analysis

« By 2010 we had at least 5 types of b-taggers

SecVix Tag Efflclency for Top b-Jets
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UNIVERSITY Tight b-tags only
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OLD vs NEW b-tagging strategy
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e Previous version of WH analysis used 3 types of b-tagger by forming
exclusive b-tagging categories:

e SVTSVT, SVTIJPO5, SVTnoJPRoma, SVTnoJPnoRoma

SecVitx+SecVex  0.228
SecVtx+|etProb  0.160
SecVtx+Roma 0.103
Single SecVtx 0.146

« The improvement in sensitivity ~scales with improvements in signal significance

NEW - HOBIT

Tight-Tight 0.266
Tight-Loose 0.200
Single Tight 0.143
Loose-Loose 0.053
Single Loose 0.044
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bb fitted x-section
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UNIVERSITY WH@CDF results
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