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The Standard Model

The fundamental particles and their interactions

Does not predict proper masses
for the bosons or fermions

i 1

The BEGHHK mechanism is a
possible solution

LEPTONS

 Bosons W< and Z acquire mass
* The photon remains massless Mass -0 0 é
* Fermion masses can be generated °
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Higgs Production
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For 100 GeV < my < 200 GeV:
o(gg > H)=2—-02pb
oc(qq - HW) = 0.3 — 0.02 pb
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Higgs Decay

H - bb

Mass Region:my < 135 GeV
bb production overwhelms H
production (7T too).

Look for associated production

H->W*w-~

Mass Region:my = 135 GeV
W*W~,ZZ have small SM
backgrounds

Look for gluon-gluon fusion
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Tevatron Search Strategy

Events produced at each Tevatron experimentin 1 fb" |
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Standard Model Backgrounds

Tevatron Run ll, pp at\Ns = 1.96 TeV

=1 Jets
‘=10°H =
g = Heavy Flavor
£ 10 - “No Channel Too Small”
2 7
» 10
o
S S
o 107 3
[ e 2!
S 10° wW
tS ]
S 10 4 all =
B10°3 -
& 10°1
10 Wy Zy
~10 orders WW tt wz Single Physicg?
10 of magnitude! g Top .
v © 7 zz Higg
m) 1 ? I
10"
1 0-2 i I I 1 ] I I I I L] 1 1 1
ors Hea, ¥ < Wy & W o Wz f 2 Hanger
‘avor, M, =160

G.Watts (UW)



Standard Model Backgrounds

Tevatron Run ll, pp at\Ns = 1.96 TeV
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Thanks R. Heuer
Past few decades

through synergy of

hadron - hadron colliders (eg Tevatron)

lepton - hadron  colliders (HERA)

lepton - lepton colliders (eg LERSLC)



The Lamppost

Radiative Corrections point to the most likely
place to search for a SM Higgs.

g
otadocdob

my = 87 GelV
my < 186 GeV

Most Likely Value
95% C.L.

Lower mass bound from direct searches at
LEP: 1 14.4 GeV @ 95%CL

N Search for neutral Higgs bosons decaying
into four t’s at LEP2 (arXiv:1003.0705)
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The Tevatron
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The Tevatron
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pp collider

Radius (~1 km)

Vs = 1.96TeV

Run Il Started March 2002
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Tevatron Performance

Collider Run Il Peak Luminosity
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D@ Data Taking

w Run Il Integrated Luminosity 19 April 2002 - 23 May 2010
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Number of Higgs Recorded
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The Experiments

CDF & DO are Multi-Purpose Detectors

* Precision Tracking necessary
Calorimeter for b-quark jet identification
(Silicon Strips)

* Larger Volume Tracking

* Drift Chamber in CDF

* Fiber Straw Tracker in DO
* Nearly 47 coverage for muon

and calorimeter detectors

Central Tracking

Tracking

15 G.Watts (UW)



The Experiments

Sophisticated Trigger And Reconstruction Software

Clivial Tikion Central Calorimeter (E H) . Trigger on Significant

oz Missing Energy, high Er
jets,and isolated high pr
particles (e%,u®).

* Excellent T reconstruction,
precision jet resolution,
etc.

* DAQ Efficiency > 90%

] v ==

Wall Calorimeter (H)

Plug Calorimeter (EMH)

Forward MugQn

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon

lé Stable: No Further Upgrades Planned! A&t




The Low Mass Higgs Search
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Low Mass Higgs Searches

Trigger: High pr isolated leptons, or
larger missing E'r.

Lepton Acceptance

W/Z ldentification

Multivariate techniques to

. b combine everything (Neural
w Networks, Decision Trees, and
Matrix Elements)
Excellent dijet Mass Resolution ﬁ b

and Modeling in Monte Carlo

& b-quark Jet Identification

I8 G.Watts (UW)



Events / Bin

Acceptance Increases

WH — €vbb, ZH — vubb, ZH — ££bb are all mature analyses
* Open the Lepton ID

2500 F- D@ Run Il Preliminary (3.1 f6") —— Data
20005 £ = DO Run Il Preliminary 3.2167) | Z+iets
— . —  400F Z+HF
- 2Tight Muons 2 - *
1800F- sht T £ 5oL Muon+Track B Top
1600~ B i = it % Diboson
1400 300 ! Multijet
1200F- a 250 ]
1000 § 200 i :
800 - = | 5% increase
= 150 N
600 s - | in signal
400 - 100 S
2005— nas s 8 ‘ ‘ AA 50; A“A“l_ j : “
e el b, Y ____P;_ ____‘"'_ 7,5,:. A Aadas a4
020740 60 80 100 120 140 160 1?393? 0352050 5o\ 100 120 Ta Te e But worse
N M, [GeV] fake and
X , detector
Don’t pollute your good S:N bins with background

poor S:N areas of phase space: let final

limit calculation combine appropriately. Also exploit new regions of detector
and add additional triggers
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Acceptance Increases

All-Hadronic Channel —VH and VBF production modes
Main Background: QCD (98%)

Mbb f
(GeV)

Tag Rate Function
Derived on Data

J

iz o Predicts QCP
o background in
ntrol Regi

Signal Region

40 50

VH-SJ Neural Net Output (4fb™) —M,=120 GeV/c’

[_1QcD [l QCD Systematic
i [ W+HF/Single Top/Diboson

CDF Run II Preliminary

Further use of Jet Shape variables w2
to separate quark/gluon jets

NN (myp, myq.Jet shapes, etc.)
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Final S
Acceptance Increases

WH — tvbb  Use a neural network to select hadronic tau decays

Signal sample (pre-btag)

> 700 G prellim (4.0 fb) Signal sample (pre-btag)
C . relimina . > F . 3
g sooF NN 7 Selection P ;:c;!:a o soo D@ preliminary (4.0 fb™)
= op — — Data
8 F Fg  Pr>12GeV T I 1
r - s, o 140— [ Zjets(l1)
; 500 F * + thT'k > 7 GeV W+ietcssz3 : r —_ ! w,b/tczle:s)
- & — i — +jets(Lf.
c = + Diboson 1] 120 — ’
[ I Multijet — Diboson
400 o 00 (115 GeV) ] 100 "]" I Muttjet
w r I.|>.I E —— Hx500 (115 GeV)
3001~ 80 1 *i
200 60~ =
- a0 -
100— r —_
20—

O

50 100 150 250 300

200
DiJet Invariant Mass (GeV)

* Boosted Decision Trees are
trained against tt,W+jets, and
multi jet background

* Master BDT to combine them

Entries
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BDT™

After tagging,
dijet mass
spectra and
other variables

are fed to a final
NN

Signalx500

— Signalx300



b-Jdet Tagging

AT AC  Run 152409 b-tagged jet in 7 TeV collisions
S/ AU LAY Event 4349994

) CVDPEDIMENT

jet

pT=49 GeV

— 6 b-tagging quality tracks in the jet,
http://atlas.ch including one muon

22 G.Watts (UW)



Number of Events

b-Jet Tagging

Precision Silicon Detectors can measure
the weak lifetime of a B meson decay from

the H — bb decays

NN Outpﬁt

CDF Run Il Preliminary (4.1 fb™)

@ data . WW.WZ,2Z

Single T Tag

mistags
801 [ Mu=120 GeVic? x 150 After NN Corr. N g5 [] Fakes
R = eV/c™ X 13 efore N2 OrIT.
My = 120 GeV/c? x 150 Before NN C: Wz+ob [Jut
70 . Z+cc uncertainty

CDFZH - ¢*¢"bb

§ 04 — b-jets

S 0 0 - light-jets
0.3/ ‘

g o

m -

B 02f ANN b-tagger

N 015}

E 0-11 PEaa N
0.05 dooh

S Lt J

0920 02 04 06 08 172

Number of Events

Efficiency is 50-60% for
| % fake rate, taggers are

typically multivariate now <

Due to calibration issues
most analyses use a hard
cut on a discriminating

variable (NN output,
Lyy/ 0L etc)

CDF Run Il Preliminary (4.1 fb™)

— P

300 350
ij (GeV/c?)

Single T Tag (High S/B) ® ha [ WWWZZZ
. mistags |:| Fakes
Wz+vb [Ju

Hz+ce uncertainty

D My =120 GeV/c! x 150

0.6 0.8
NN Output 10% Slice
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Jet
pisplaced tracks )
Decay i time ondary vertex
Wy, 7
Ve /

Prmw vertex /
) do\ v

prompt Lracks

A substantial fraction of
mistags are charm (40%
of the real tags)
CDF has developed
an NN to separate
charm and bottom



b-Jdet Tagging

Use the number of b-tags to separate data into high and low S:B regions

[ (2] F

T N P W +2jet/1 b-tag c C o W + 2 jet/ 2 b-tag

g - Do Prellmln_?ry . Data g 220:_D® Firellmm_flry . Data —
@i12000 L=5.0fb CIWeet Gk L=50fb CWajet DO WH - Yvbb

C ) Il Multi Jet c @ I Multi Jet
1000F ‘ BB 1801 S Blce .

- s top 1601 B top Separate regions

L [CIDiboson 140F |:I\I?Viﬂoson . .
800 —WH = —

: g are recombined in
600 100/ final limit setting
aook. soF step with

- 60—
ook s appropriate

: 20 weight

%50 100 150 200 250 300 350 400 %750 100 150 200 250 300 350 400

Dijet Mass (GeV Dijet Mass (GeV)
. jetlass (GeV) » All separate

J2] v 12

S [ DO Preliminary W*2jet/1b-tag S L DY Preliminary W+2jet/2btag .

goo Losom R £ L som R, regions must be

7005 © EMuIti Jet 160 @ EMuI%i Jet
T o 1aof- o completely
600 - 4 [ s-top E [ s-top

[ Diboson 120 [Diboson
' = orthogonal

—\WVH E
115 GeV (x10, 100F

8ol . .
o Technique is

common and
0

-;.2 0 02 04 06 08 1 12 mature

Neural Net output

40

20F

02 0 02 04 06 08 1 12
Neural Net output
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Jet Resolution

The most important discriminating
variable after b-tagging.

‘ Use standard JES techniques

‘ More advanced techniques
on tap

let Energy Mismeasurement

Often presents as missing E7 when

none is expected %
Correct &

True : with NN &
2

—/f

z

messured - )

Missing E7, in line with
mismeasured jet
25

= 900Fsingle tag D@, 5.2 fb™
o 400" ++ “Top
a  F W V+h.f/VV
@ 300F = Miiiet
R CJVHx100
:>j 200

100 ZH - vvbb

100 150 200 250 300
DiJet Mass (GeV)

CDF Run Il Preliminary (4.1 fb™)
. WWWZ.ZZ
D Fakes

O

| uncertainty

0 50

Single T Tag ¢ data

mistags
[ M,, =120 GeVic? x 150 After NN Corr. = %
] M, = 120 GeVie? x 150 Before NN Corr. [ Z + bb

|:|Z+cc

ZH - ¥ ¢~ bb

200 250

300
M;; (GeV/c?)

350
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Jet Resolution

Or use a part of the calorimeter with better energy resolution

Jets mostly measured in hadronic calorimeter
. Photons mostly measured in EM calorimeter

I h — yy MC Mass Resolution for M, =120 GeV/c’ l

o

L é E 5°°Esingle tag DO, 5.2 fb™
ﬁ To00E & 400% i EV%E” v
= = R “» 300 ittt
_3 6000 - Central - Central g E Muft . . .
: f Mean; 120.2 5200 D@ has a similar analysis
wi 5000 Sigma: 2.9 w F it
o 100{ N
4000[- =
E 0 50 100 150 200 250 300
3000F- DiJet Mass (GeV)
2000 E—
- o 90 h— vy signal at M =120.0
1000} CDF Rui Il Preliminary [ Signal scaled to e;pected limit (19.4 x SM)
! = S S !

ok !
60 70 80 20 100 110 120 130 140 150

2 Background Model
M, (GeVic’) 70 | I— g

CDF Run Il Preliminary

80 = — — —- Signal scaled to observed limit (22.5 x SM)
- —=e—— Data

Branching Ratio
Number of Events

o

BR of H — yy is tiny!

So expected Yield is small

102

110
[ X M, GeV
Higgs Mass.(GeV/c’)
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Multivariate Discriminants

Decision Trees —

Train on Monte Carlo.All
techniques require careful
cross check of all inputs
- and good modeling of
Neural Networks backgrounds and of
correlations between
input variables

Come in many flavors.
Varying robustness against over-training,
amounts noise, and discrimination power

Come in many flavors also (including

boosted!).
DG 2.3 fb" after transformation o 500 + Data DG 2.3 fb”
C ] L + )
01[ s = 9 Do not cut on output
B Single Top Discovery runii w 400~ - wee Y - .
Lk sectron s = viewe 150 of discriminant in most
UL jets -
r Background 1tag 300 - = ::'::sz-jets 100 cases
0.06— " Il Multijets . . . . .
5 200 50 Bin in discriminant
B Signal .
004 ° : output (bins of
B 100 ° ' 0 3
0.02f- increasing S:N)
B B BN F S RN - A M % 02 o04 06 08 1 Depending on channel S:N

Boosted Decision Trees Output Boosted Decision Trees Output can be 1:10 or 1:50 (x10 over
dijet mass alone)
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Matrix Element Discriminator

Reverse Monte Carlo Generator and Detector Simulation

Deconvolute Region of MC Phase Discriminate is typically
Detector space for signal and PE)/(P(S)*+P(B))
resolutions background (P(S),

P(B))

Techniques used for
single-top discovery,
WWWZ
observations

Inputs tend to be Lepton 4-vector, Jet 4-vectors, etc.

ME Outputs CDF WH — #vbb

L 1 [CIWH115 _
CDF Run Il Preliminary, L= 4.8 f5" |g@erare CDF Run Il Preliminary, L= 4.8 5" |mstops COF Run Il Preliminary, L= 4.8 5" |gor®
T |ESTopT ESTopT T |ESTopT
UNTAG & M|s°|zgs . UNTAG E(‘IA\/ISS\?VSC UNTAG = Mls‘tggs
BWcc/We [ EWee/We
o0 Background w0 Signal S
® mNon-W ,2 ENon-W ® mENon-w
§ -DTIIJOSOH 36000 i I Diboson § -DT ooooo
‘Joooo a ° a w |
= = © £ 2 =
p) g 4000 | iH 5 H
© o k] Q S 15
75000 s 3 > s s
O ¢ O 000 1¢ I o EH
2000 ¢  Combine
o 9 . g
0 - 0 ¢ with NN
-35 -30 25 20 -15 -10 50 45 40 35 30 -25 20 02 0.4 06 0.8 1
log(Prob(Wbb)) log(Prob(WH 115 GeV)) Event Probability Discriminant
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The High Mass Higgs Search
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High Mass Searches

Gluon Fusion production rate is x10
higher than associated production rate

Highest BR modes are inaccessible due
to overwhelming SM background

Di-boson modes are most

commonly used for the search antiproton
99 = H > WW = £wv About 6% of H
0 X BR = 0.04 pb at my = 160 GeV. decays. ..

Main Backgrounds q I
WW:o x BR = 13 pb \\ v 4
W+]ets/Z+]ets A '
WZ:0 X BR = 4.0 pb

ZZ:.0 X BR = 1.5 pb / " ’.(V
tf:o X BR = 7 pb 3 ¥ N

Single Top: 0 X BR = 3 pb
30 G.Watts (UW)



Event Selection and Background Rejection

High p, isolated muons and electrons required

2 10°E a) ‘ DO 5.4 fb! - . S
© Further apply S -9 DOS4fh IBkgd. syst.
— E . . ~ - — <
= 10 missing E; cut and g Di‘f;ﬂ
210t . a NN that uses 2 1% e
S SBked, syst. various angles - = Multjet
i +jets - * tt
= 10°: = Dihoson between the ‘ 102E
E W W+jets 1 . . E 0
o m Muliet leptons (Higgs is -
E tt - . i
10 spin 0) along with I
10 masses and quality 108
N L information L il
0 50 100 150 200 0 0.2 04 06 08 1
Dilepton Mass (GeV) NN Output

There should be no b-quark jets in these events

proton

CDF Rejects events
with a good b-quark
tag

ntiproton
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Events / 0.05

Further S:N Enhancements

CDF Run Il Preliminary IL=5'3 ' CDF Run Il Preliminary J‘L=5.31b" CDF Run Il Preliminary _[L=5.3fb'1
90F OS 0 Jets, Hig:I S/B =§‘., g 40F 0S 1 Jet, High S/B = 8 [ OS 2+ Jets =0
E M, =160 GeV/c S FMm, =160 GeV/c? S 2 25 M, =160 GeVI/c? S
80F = 35 = o L 2z
: : £ - gt
70- g 2 20
= w -
60= u L
50; 0 J et 15—
40 n
10—
30— C
205 -
101"
= S — =SS L= e I . Y & e e B . im0 0 S | = el S P Wl e oo

-1 08 06 -04 -02 0 02 04 06 08 1
NN Output NN Output NN Output

Increasing significance

Instead of jet bins, D@ uses Different fractions of back
Njets as input to its NN ground and S:N mean better
Both experiments also split handling by a profile fitter as well

leptons into high/low S:N regions
CDF uses a Matrix Element technique in

its O Jet bin,and a NN in the other bins
D@ uses a NN in all jet bins
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Cross Section

Increasing the Significance

(pg)

" [5=196TeV . . o .
g9H High Mass Higgs will still be produced in
association withaWoraZ

100 120 140 160 180 200
Higgs Mass (GeV/c’)

intiproton

Traditional Opposite Sign Search
(includes missed leptons!)
Trilepton Search

Same Sign Search
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Increasing the Significance

g " [5=196TeV ]
5 g9
9
g 1 WH R High Mass Higgs will still be produced in
S association withaW ora Z
100 150 14I10 16I0 1 éO 200

Higgs Mass (GeV/c’)

Traditional Opposite Sign Search

Trilepton Search

Same Sign Search
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Increasing the Significance

g " [5=196TeV ]
5 g9
9
g 1 WH _a High Mass Higgs will still be produced in
S association withaW ora Z
100 150 14110 1é0 1 éO 200

Higgs Mass (GeV/c’)

Traditional Opposite Sign Search
Trilepton Search

~ Same Sign Search
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Events / 0.05

Increasing the Significance

CDF Run Il Preliminary [L=53m" CDF Run Il Preliminary [L-s3m"
©'SS 1+ Jets with Met > 10 GeV T mw 8 5 5L Trilepton WH Signal (Z Removed) . -
14} M, = 160 GeV/c? Same Sign =¥ % “E M, = 160 Gev/c? Trilepton e
.gvzz € 3= =
DY e Pa—
aoww w 25 —HWW 10
—HWW C -e-Data
--Data -
2_— — —— ——
15~ W
o
1:— e ——
C [l
| 0.5 T .
Gxxi il | Ll g gl — = ™
; R |-. ; ._ ._:--.::1._ 1 'l_ﬂ%_;! o_ PRI I S LI I | o s e P (Y o e T ST
e e e e 1 08 -06 -04 -02 0 02 04 06 08 1
NN Output NN Output
CDF Run Il Preliminary JL=s3m’
8 20f 0S Low M(ll) "
S 48[ M, =160 Gevic? e
o 8 wz
Low Mass Dilepton 5 =
w e
M;; < 16 GeV region dominated by W-gamma o
Consider only 0 and |-jet events
W-gamma background modeled with data +
09708 056 04 -0 T, 4 06 08 1
NN Output
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Combining Standard Model

Higgs Results
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Combined Limits

Tevatron working group combines results from both CDF and DQ.

Experiments have agreed on treatment of

* Luminosity

* Systematic Errors
* Theory Cross Sections

CDF

Channel

WH — (vbb 2-jet channels 3x(TDT,LDT,ST,LDTX)
WH — {vbb 3-jet channels 2x(TDT,LDT,ST)

ZH — vwbb  (TDT,LDT,ST)

ZH — £*4=bb  (low,high s/b)x(TDT,LDT.ST)
H—W™W~ (low,high s/b)x (0,1 jets)+(2+ jets)+Low-mge

WH — WWTW— — ity
H+ X -1t + 2 jets
WH + ZH — jjbb

38

Over 90 channels

CLs and Modified Baysean

Methods are used; results
agree to 5%

DO

Channel

WH — fvbb  2x(ST,DT)
VH — t7bb/qqrT

ZH — vobb  (ST,TLDT)
ZH — £T07bb  2x(ST,DT)
WH —= WWTW ™~ = (Fui*y
H—-WW~ = fuiFy

H — vy

ttH — tthb  2x(ST,DT,TT)
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Combining The Low Mass Results

TR T ey e e T T TR E )

2 D 1Prel
Ty S LR, $lo | i S ?re"“""_“ : Sensitivity is the differences between
10 1" LLR,, and LLR.,,
8 [ LA N g s D
6 ...............................................................................................................................................
4 .....................................................................................................................................
2
0
2 F
4 f_ Tevatron Run Il Preliminary, L=2.0-5.4 fb™
[P S N N N R = O [T ol Expaea 0 o Especea |
100 [0 120 130 40 150 = Bommmsnns e s e il e el
November 6, 2009 my, (GeV) £ 4 -
3 1
-
O
o
How far are we from reaching the SM? §
Many production and decay channels ‘
are included in this plot! 1F e
0 b : November 6, 2009
100 105 110 115 120 125 130 135 140 145 150
My = 115 GeV:2.70 (1.78) observed(expected) m,(GeV/c?)
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Combining The High Mass Results

© 0 [ COF+DORmI ~ — Data-Background |
S | L=48sd fb! 0 Signal |
% 40 — =1 s.d. on Background |
> | S
@20 | \
0 + é i + I /
—20 B \i/
-40 | m,=165GeV ]
I I SN RAVEATE NI RS SIIN U IS AT RATE = 10
4 35 3 25 -2 -15 -1 05 O = | CDF+D0O
log,,(s/b)

SM Higgs is excluded between 163 and

166GeV B G v e——
SN N S et AN A S
130 140 150 160 170 180 190 200
m,(GeV)

Only published results included...
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Beyond The Standard Model

Higgs Sector Enriched ‘ Huge Parameter Space To Explore

» Search for specific, predictive, models...

—_

Fermiophobic Higgs
See public results pages

Enhanced coupling to 2-photon final state — tor CDF and DO

Doubly charged Higgs

N

MSSM

Two additional doublets couple to the up and down fermions

Symmetry breaking gives 5 Higgs left over:
Neutral:A (CP Odd), H, h (CP Even)

Charged: H*

my
tanf — Ratio of doublet vev
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MSSM - high tanf regime

BT TT TI]T TR —
A/h or A/H are degenerate (D) B ~tanB N 0
Enhanced coupling to 777~ (10%) and bb (90%) | %

& GEECEEE00G - b

N

® — bb - Multi-Jet Background

(bb)® — bb(bb) —Associated Production __ Same philosophy:Tevatron

® — 777~ - Also associated production with a b-quark SelbEiien

General Performance of b and 7 tagging

b — 50% efficiency;0.5% fake
T — 60% efficiency; | % fake

Charged Higgs Decays — not discussed here
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bd -t 1t~ + b

Main Backgrounds: Z+jets, multijet, and tt =25 DO, 2.7 fb” e Data

o |
Orthogonalto ® - 777~ ~ | Bl Z+jets
»n_ t N
€20 (@ _| [ Multijet
Look for: S ¢ Tt
Isolated lepton (T = fv,v;) = e ll Other

Hadronic tau (opposite charge) — Signal

Tagged b-jet M,=120 GeV/c?
Cleaner than ® = 7117, smaller BR 10
— 5
D —ﬂNN X L&H \—
Suppress tt  Suppress Multilet L
PP PP J s )
D

44 G.Watts (UW)




S
)
)
~
+
c~]l

- b Results

(o}

DO, 2.7 fb'

(3]

=Y

w|III

served

yected Limit
ected-Limit+-1
ected L

L imit

imit + 2

Limit o(pp—9¢b)xBR(¢—17) (pb)

.
1t
: W-—.."“ 5
C | ! | L Lo T
0jo0 150 200 250 300,
M, (GeV/c?)
45

" Observed limit -

40 — Expected limit |
(c)
] LEP
208 D@, 0.3 b
990 100 110 120 130 140 150 160 170 180
M, (GeV/c?)
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® - 7t~ Combination

Tevatron Runll Preliminary 1.8-2.2fb"

Same techniques and toolbox is used to

combined 7T results from both Expected
- 10 Expected t1c
experiments ///////// 777 Expected +26

Observed

Cross section x Br 95% CL [pb]

%100 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™ 1 5_
S 90 m, max, =-200 GeV : ///////////////////
80 Excluded by LEP i Pt
70 R ool 1 1
60 5 enpecteami 2 2970 C.L. 10700 120 140 160 180 200
\\ M, [GeV]
505 O
SN \\\\\\\\\\\\\\\\\\\\\
40 N \ o
30£\ R \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ But currently this is using data
20” \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ from late 2009 — aiming for an
update in summer 2010
10
oo i 40 60 80 200
m, [GeV/c?]
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b® — 3b

Very challenging measurement: multi-jet bb production is overwhelming

Background multi-jet determination is data driven.

Best Fit (with signal template) CDF Run Il Preliminary
o 1800 B bbB
> [ bBb
3 1000 B oo
0 I bCb H
2 o my, is the mass
2 B m,=150 .
5 e of the leading
® 5 two jets

. >
et Different possible
dijet mass m,, (GeV/c?) flavor

Best Fit (with signal template) CDF Run Il Preliminary Combinations for —
<o 3000/ B bbBe )
S I bBb the 3 tagged jets
& 2500} B bbX
T B beb "
I — B bab oL
22 B =150 Xtqgs Classifies
> 1500 ® CDF 2.5/fb
T the event by the

1000
: b-tag vertex mass
500

0 1 2 3 4 5 6 7 8 9
flavor separator x,, (Gevic?)
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tanf3

b® — 3b

200 959% C.L. upper limits CDF Run Il Preliminary (2.5/fb)
180 expected limit
10 band
160 20 band
120 fits to these two
100 distributions to come

up with final limits

60
40 no loop effects: o=205Mtan2B, BR(A—bb)=0.9
20 SM-like Higgs, width neglected
0 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
100 120 140 160 180 200
m, (GeVic?)
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The Past Is The Best Predlctor

=== Summer 2006
Tevatron Run Il Prellmlnary —Eall 2007
Expected lelts = Winter 2008
% 5 ‘Summer 2008
=== Winter 2009
e Eal] 2009- A7 1

10

RN

95% CL Limit / SM

Standard Model = | O

'—rrrrfrrrrl111111111{1r1r{rrl1||1|1{1111}1111}1111

100 110 120 130 140 150 160 170 180 190 200
my,; (GeV/c?)
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The Past Is The Best Predictor

2xCDF Preliminary Projection, m ;=115 GeV
“‘I"':‘T*; | [T T

..................... ——  Summer 2005
5 : —— Summer2006 =

—  Summer 2007

—— January 2008

December 2008 @ . —

10 l‘ N O S S
| ::jjjjjj."i::,:: November2009
L,. A\ ....... With lmprovements

Expected Limit/SM

0o 2 4 6 _8_ 10 12 14
Integrated Luminosity/Experiment (fb™')
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The Past Is The Best Predictor

2xCDF Preliminary Projection, m ;=115 GeV

Demonstrated charm quark discrimination ability: ~30% equiv lumi gain
Improved usage of b-Tagging information: ~20% equiv lumi gain
Reduced dijet mass resolution: ~15% equiv lumi gain

for every 1% absolute gain in o, for up to ~50-60% possible

Addition of lower yield final states (H—tt/yy/ZZ/lvjj, etc): ~5-10% equiv lumi gain

Improved lepton ID eff & reduced inst. lumi dependence: ~5-10% equiv lumi gain

These factors alone can buy us ~1.4X in the limit (~2X in effective luminosity)

| | l i

0 2

; o
4 6 8 10 12 14
Integrated Luminosity/Experiment (fb ')
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Conclusions

} Mature Analyses — Rapid inclusion of new data into each
analysis
No channel is too small to explore
SM Exclusion between 162 — 166 GeV

Average luminosity in SM channels is about 4.4 fb-!. Each experiment
has about 7.8 fb-! recorded.

New combination for > 6 fb-! is hoped for the summer
» BSM Higgs Searches are catching up
Combination Machinery is now working — update this summer

Many more channels to be explored
MSSM tanf > 30 — 50 is already ruled out.

» New Developments constantly being brought online

Not all results presented in this talk have been folded into the
combination yet

» Stay tuned for the next year of running!
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Systematic Uncertainties

*Two types of systematics on estimated signal and background:
—Rate systematics: only affect overall normalization
—Shape systematics: change differential distribution, i.e. due to
JES, MC modeling

*Systematics correlated between CDF and DO:
—Integrated luminosity (4% correlated out of 6%)
—Theoretical cross sections for signal and backgrounds (5-10%)

*Other Sources correlated within experiment:
—Lepton ID, 2-4%
— Btag SF, JES, FSR/ISR, 5-10%
—Jet/Missing Et modeling
—MC simulated backgrounds (W/Z+HF)
— instrumental backgrounds(non-W, mistag)

54 G.Watts (UW)



Something on that paper on how the Tevatron isn’t doing
the PDF errors correctly?
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CDF Published Limits

M, 170 175
(GeVic?)

Bayesian 4.4 2.85 243 2.05 .67 .26 1.20 |.44 1.72 2.09 3.24 453
Expected
Bayesian 38.9 2.0 6.38 421 3.23 2.62 2.04 .34 .29 1.69 .94 2.24 4.06 6.74
Observed

DO Published Limits
ey |70 [0 [0 [ [ 1 155 free s w0 s e fues i s 2

Expected 149 974 720 540 423 348 307 258 202 143 136 |65 206 259 328 420 508 6.23

Observed 308 136 881 663 641 521 394 329 325 1.82 1.55 1.96 1.8 2.11 3.17 327 577 553

CDF+DO Published limits
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Bayesian 192 159 125 092 087 1.04 126 156 207 240 3.09 3.55
Expected

Bayesian 4.65 4.18 3.58 261 217 196 1.04 093 126 120 134 214 242 407 447
Observed

CLs 3.26 2.52 2.18 187 153 124 089 084 1.06 128 156 207 246 3.17 3.62
Expected

CLs 4.49 4.06 3.45 249 2112 184 098 089 121 1.18 131 2105 236 4.0 435

Observed



CDF limits for March 2010

My
(GeVic?)

-20/0gy 9.97 5.40 3.48 231 1.72 1.37 1.13 0.95 0.8l 0.69
-1o/0gy 14.50 791 5.12 3.37 2.52 1.99 1.63 1.37 .18 0.99
Median/ogy 21.88 11.93 7.70 5.1 3.83 3.02 251 2.09 1.78 1.48
+10/0gy 32.92 17.98 I1.66 7.67 5.83 4.54 3.79 3.18 2.70 222
+20/0gy 47.49 25.75 16.80 11.00 8.30 6.57 5.57 4.59 3.89 322
Observed/ogy 28.72 13.03 8.47 5.33 4.25 3.69 3.45 2.30 201 1.60
EEN Kl S S i e S S
(GeVic?)

-20/0gp 0.52 0.50 0.56 0.69 0.8l 1.07 1.30 1.52 1.72

-lo/Ogy 0.74 0.70 0.80 0.97 .18 .54 1.88 224 251
Median/ogy 1.09 1.03 .17 1.43 1.75 232 2.82 3.39 3.80

+10/0gy 1.6l |.54 1.75 2.14 2.63 3.53 4.28 5.11 5.79

+20/0gy 2.35 222 2.57 3.11 3.79 5.06 6.28 7.55 8.47
Observed/ogy 1.07 .13 1.34 1.86 2.11 2.75 4.15 5.45 6.78
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