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Standard Model Hi

o SM Higgs is the simplest way to break EW

ymmetry

e Indirect Constraints (SM Parameters: Mw, M, etc)
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Direct Searches
o LEP:

Add limit with LEP Limit

o Jevatron: Limits
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Tevatron and Experiments
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Produomon a,nd Deoa,y
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Productlon a,nd Deoa,y
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Productlon a,nc% Deca>,y

Prod ucﬂon

Branching ratio

Cross section (pb)

[L.ow Mass Final States

gWH — (vbh === 1 High Pt Lepton + K1 + b jets
Z H — ¢¢bh ==» 2 High Pt Leptons + b jets
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Gl oot 1 vy

VH, VBF,H — 77 +2j w==»1 Lepton + Trk(s)+ jets




Productlon a,nd Deoa,y

bb | [H>ww

Prod ucﬂon
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Branching ratio

Cross section (pb)

Might be nice to have

some tav and WH to
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Produotlon an% Deca>,y
' : [ | |. bb | [ H>ww

Events produced at CDF in 1 fb

Cross section (pb)
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i1 Might be nice to have
1| some tau and WH to
1 WWW wode on here.
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Cross section (barns)

The Challenge...

Cross Sections at 1.96 TeV

Total inelastic
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oHiggs Production
is a low rate process
at the Tevatron.

® Backgrounds are
many orders of
magnitude larger.
eChallenge:
Separate Signal
from Background
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First Step...

@ Select High Pt leptons (e,u,).

@ Select Events with Missing Energy (neutrino(s))
@ Select Events with jets from b-quarks (low M)
@ Details for each analysis slightly different

b-tagging is about
~50-70% eftficient. R
Dependence on:
Et and 1 of jet. ey ety isccondary vertex

0 /

Y,

> Primary vertex

S:Bl-btag"’ 1:400 “B-tag” =

Prompt tracks Identify 2nd

S:Boptag ~ 1:50-100 vertex
5 WW ~ 1:50 ’

J




First Step...

@ Select High Pr leptons (e,u,7).

® Select Events with Missing Energy (neutrino(s))
@ Select Events with jets from b-quarks (low Mp)
@ Details for each analysis slightly different

b-tagging is about

Jet

~50_7O% efﬁCIQHt. Displaced tracks }
Dependence on: W
. Decay lifetime ' -
ET and n Of ]et. Lxx/ 4 ngnga;y vertex

/
4 7

Primary vertex

”B_tag" —
Prompt tracks Identify 2nd
vertex
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Second Step...

@ Use other distinguishing features

@ Simplest Approach: Fit a Kinematic Distribution

® | ow Mpy: Fit Dijet Mass

® More Sophisticated Approach:
Use multivariate approach.

® Artificial Neural Network
® Matrix Element Approach

® Other Discriminants

. D@ Preliminary ® Data

i —QCD
80~ =i

- e Wbb
M other

 L=1.0fb" W + 2 jets / 2 b-tags

W + jets

% 50 100 150 200 250 300

Dijet Mass (GeV)

CDF Run Il Preliminary

HWW ME+NN M, = 160 [GeV/c’]
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NN Output



Second Step...

@ Use other distinguishing features
@ Simplest Approach: Fit a Kinematic Distribution

80

® [ ow Mpy: Fit Dijet Mass | ormimnay g
b I %\éVJDJets
60_— it

- l:lW b

H ----- other
| [Mbb = MH} b .
g ‘ More Sophisticated ApproaCh: 00_ - 50 100 150 200 20 300
® . Dijet Mass (GeV)
Use multivariate approach. ... -

HWW ME+NN M, = 160 [GeV/c’]

® Artificial Neural Network 2 3
® Matrix Element Approach ; :

® Other Discriminants

-1 -0.8 -06 -04 -0.2 0 02 04 06 038 1
NN Output

All analyses now use these



Third Step...Optimization

o On-gomg intense optimization efforts.  This is the
oéBas1c Selection: hard work!

® Maximize Trigger Configurations

o [dentify as many high Pr Leptons as possible
® B-tagging:

0 Various tagging requirements e.g. Improved Mj; '

® Neural Network Tagging J
® Background Rejection e e
e Missing Er and Jet Resolution

e ZH = BB X ( 1, eV.fcz)
10

® Critical for Mj; Resolution :
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Decoding Limit Plots 101

CDF II Preliminary
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1 0 Graphic with lines

moving below 1...would
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that goes below 1.




Decoding Limit Plots 101

CDF II Preliminary
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Decoding Limit Plots 101

CDF II Preliminary
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Decoding Limit Plots 101
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Decoding Limit Plots 101

CDF II Preliminary
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Decoding Limit Plots 101

Solid Lines represent observed
— wmwe  limits from data analysis.
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Decoding Limit Plots 101

Solid Lines represent observed

> T aw limits from data analysis.
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Decoding Limit Plots 101

Solid Lines represent observed
" wmwe  limits from data analysis.
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Decoding Limit Plots 101

Solid Lines represent observed

> " wmwe  limits from data analysis.
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Low Mass Signatures




W H — ¢vbb Cha,nnel

e High Pr Lepton

0 Missing Er

® 2 jets

® Split up 1 and 2 b-tags
® Examine “Figures of Merit”

( )
: Features:

1. Good Acceptance
2. Final state similar

to single top prod.
3. ~2-3 evts/tb-!

Primary Backgrounds

Wbb,) Wee, Waq'
tt

Single top
non — W QCD
Wz, WW

/[ — TT




WH — fvbb Channel

: : : CDF Run Il Preliminary (1.9 fb”)
. Figure of Merit: ANN
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o

—e— Data
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Classes: (6 Total)
i Two Lepton: Central and Plug
8.3 (7.2)ex  Three b-Tagging: 2 double tag

110 120. 130 140 1520 = 1 Slngle Tag
Higgs Mass (GeV/c”)




w W H — ¢vbb Channel

Figure of Merit: ANN

Inputs:
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135 140 145
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" L=1.7 fb" W +2jets/ 2 b-tags

. D@ Preliminary ® Data
JW + jets

115 GeV (x10)

0.2 0.4 0.6 0.8 1 1.2 1.4

NN output - 2 tags

Classes: (8 Total)

Two Lepton: elec and muon
Two b-Tagging: 1 double tag
NN Tagger 1 single Tag

Two Data Periods




Z H — ¢0bb Cha,nnel ;

~ Two High Pr Leptons

® No (direct) Missing Er
0 2 jets

@ Split up 1 and 2 b-tags

—

Features:

~

1. Small o°BR

2. Several tight constraints
1. My = My

77

ii. “¥1t” — improve jet resol.

3. ~1 evt/fbl

Primary Backgrounds

Zbb, Zce, Zqq'

tt

WW +jj, WZ, ZZ

/[ — TT

J




Bﬁ Z H — ¢¢/bb Channel

Figure of Merit: ANN
Inputs: _
My, P%l, ij}, ARM,

B3], [Ady;

bb)
)
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%
N 0 ©
o O O
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Q
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- DO Preliminary

2 b-tags

iy

—~ Data
—QCD

— Z+]ets

— Z+bb(cc)
=t

=Wz
=L
—ZH 115

|n

||:ﬁ‘|:‘||||||||||||||

III|
-0 02 04 06 08

1 1214 16 1.8

Neural Network output

Classes: (4 Total)

Two Lepton: ee and pp
Two b-Tagging: 1 double tag
1 single Tag




. ZH — ¢/bb Channel

2-D ANN CDF RunlI Prellmlnaryj Lt = 1 ﬂi- 2 b'tags

Z+]ets vs ZH vs t-tbar
Iﬂputs: ET» Hr, ij’ Sph, Ny ol D
. Ale,Z7 ARj2727 Alean
Search for ZH— I'I'bb

- Significant Update

coming in suminer.

Y
=
[X)

o

95% CL Upper Limit/SM

1 6 ----- Expected Limit (Combined) + 1o

(16)exp | — a2 Tagging split into double tag,
I T Expected Limit (2tag) | |

100 110 120 130 140 150, 17 and single Tag
M, (GeV/c)




. ZH — ¢/bb Channel

2-D ANN:

Z+]Jets vs ZH vs t-tbar
: ;ZZZijj inzlj7 l\d{j;j’ ‘E;Z)}L’ 77j52 3_M”_N““H““,ww.

Iﬁputs
5 s L, AR

95% CL Upper Limit/SM

Search for ZH— I'I'bb

1_|_I|IIII|III

Significant Update
coming in suminer.

1 6 ----- Expected Limit

El 6)eXp_ — Observed Limit

----- Expected Limit

(2 tag)

100 110 120 130 140 150

M, (GeV/c')

o

CDF Runlll Prellmlnarijdt =1fb-
" 2 b-tags

Interesting Event

Tagging split into double tag
7 and single Tag



Most Higgs-like Event

RUN 196170 EVENT 6577

SSENENT

/b-tag &

Jet237.1GeV}) /
/soft-muon

Dijet mass
119.7 GeV

Actual event counts . MET 7.25 GeV
would be a nice addition. ~ “*-.,

" x
*a

=, K
.....

» i

& !
% »
e
F )

[epton mass
| GeV
soft-muon

Background in this bin
60% Z+bb
11% tt Higgs ~ 2 times tt
9% Z+cc
0% 77 SB ~1:4

18

5% Z+qq (light)



ZH — vvbb Channel

e No High Pr Leptons
® Large Missing Er

0 2 jets

® Require 2 b-tags

( a

Features: -

1. Trigger is more challenging | |Primary Backe

2. Large QCD/Fake BkgS QCD Heavy Flavor,
i. Ditficult to Simulate

ii. Use data to est. bkgs tt, W/zZ + bb/ CC,
3. Use tracks to help bkg Single Top,

identification. 27, WZ, WW
4. ~2-3 evts/tb! 4




ZH — vvbb Channel

2 . Tight Double Tag Events (Signal Region)
Figure of Merit: ANN o e ww

0 CDF Run Il Preliminary (1.7 fb™) Wit

P Z+h f

E I t i B Single Top
Inputs: %% =
. o I Mistags

—— — s
My, MET, Ale — o 2 s cen

MET.y - MET,y,, Trkyn

Met+Jets Search for ZH/WH

— Data

CDF Run Il Preliminary (1.7 fb™)

= Observed Limit
Expected Limit + 1o

Classes: (2 Total)
Two b-Tagging:

- double tight tag
8.0 (8.3)exs - 1 tight + 1 loose tag

%
=
E
3
b=
©
o
Q
=
_
o
2
lp}
o

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
110 115 120 125 130 135 140 145 150 155
M, (GeVic?)




w ZH — vvbb Channel

I
50 Dé prellmlnary (1 2 fb
— Data
Bl Top
Z+b/c-jets
Z+jets(l.f.)
W+b/c-jets
Wijets(l.f.)
Diboson
Multijet
= \/Hx25 (115 GeV)

Flgure of Merit:
~ Boosted Decision Tree
Inputs: 24 variables

40

Events / 0.05
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— ZH%\NbbDTVHS'gnaI _________ ______________ | | | | | | | DT discriminant
S Classes: (2 Total)
-------------- Two Data Periods
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w
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) N [ e SSRTLLL - Expected Limit - :
S required.

O by by [T | | I
105 110 115 120 125 130 135 140 145
m,, (GeV)




High Mass Signature




pp— H — WW* =¥

e Two High Pr Leptons
0 Large Missing Et
® No significant jet activity

( a

Features:

1. Most signif. for high mass
2. No kinematic mass peak

3. Higher production x-sec.

4. No b-tag etf. reduction.

5. 5pin 0 Higgs =» Ang. Corr.
6. ~2-4 evts/fb!

~

-

Primary Backgrounds

W, 77,
W + jets, tt,
AN




.pp — H > WW* =/ Cha,nnel

Flgure Of Merlt CDF Run Il Preliminary

HWW ME+NN M, =160 [GeV/c 1

- ANN w/ Matrix Elem. .
.Inputs Mye, Apge, ARyy,

A¢i; meET, MET, METgpec,
5 Likelihood Ratios :
H—-WW* WW,

27, Wy, W+ jets |

NN Output

10 &

1=

10"

CDF Run Il Preliminary f L=241fb"

==+ ME+NN Expectation ...

e Classes: (2 Total)

Lepton Pairs:

ee, ey, uy,
e+trk, u+trk

1 . :
110 120 130 140 150 160 170 180 190 200
Higgs Mass [GeV/c?]




pp — H—-WW* - ¢tvi~v Channel

: M —o— Data (551)
DG Run llb Preliminary mu+ mu-  L=1.2/fb |— Signal (M =160)
. x ° — Signal+ Bk d.
Figure of Merit: 10 B
- ! —— Z+jets Bkgd.
~ - ks £ Diboson Bkgd

ANN w/ Matrix Elem. to, TRy S ndi s |t

Te | — QCD Bkgd.
® | — Top Bkgd.

Inputs: ee: 11 var + ME 'E
ew: 11 var 0’
uu 14 var + ME '

-3 | | | | 1
— Observed Limit 10055 0 0.2 0.4 0.6 0.8 1 1.2

Expected Limit medisc
Expected +1-0
Expected +2-0

Classes: (3 Total)
Lepton Pairs:
€c, €I, Hb
Backgrounds are very
different.
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Other Channels...

0 Other decay chains are also being considered
® [F the SM is correct, these are not as sensitive
® BUT, every little bit helps and nature could be different.

(#H — tvqq bbbb l ( H— 711 w\
\WH - WWW* file (.

%VH, VBEF. H — 77+ 23 pp- H

J

D@, 2.27 fb' preliminary
— Observed Limit
Expected Limit
[ 1Expected Limit+ 10
[ Expected Limit + 20

Observ;ed Limit

__CDF Run Il Preliminary (L = 2.0 fb™)

5 Expectjed Limit

.......... = PE':‘toBand
| | —— Standard Model (NLO)

o x BR(yY)
SM value

-y
o

5(95% Limit)/((SM)x BR(H—>tt))

95% CL

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
o : | 100 110 120 130 140

140 6 SM Higgs mass (GeV)
Higgs Mass [GeV/c?]




4:“‘1 Step...Channel Combination

No Single Decay Channel Has Sufficient
Power to reach the SM prediction.

CDF II Preliminary

== WHIlvbb 1.9/fb

e Statistically Combine Channels.
== ZHvvbb 1.7/tb

A eUse a procedure to properly

[/ == ZHIIbb 1/fb

: Expected
Hrtt 2/fb
Expected
HWWIllvv 2.4/fb
Expected

w—= CDF for 1-2.4/fb
Expected CDF = 10

account for correlated uncertainties.

- SM nggs CGmblnatlon ----- A— —— Observed Limit

— D@ Prellmlnary L-1 02 3 f65'-- +* Expected Limit
. , | | : - Expected +1-0

Expected +2- 0

Limit / o(SM)

-
(<

= 6.54 .......

T/I %.6 (2.|5)exp

! I ! I ! !
120 140 160 180 200
Higgs Mass (GeV/c?) my (GeV/c?)

1

110 120 130 140 150 160 170 180 190 200




5th Step...Tevatron Combination

Neither Experiment Has Sufficient Power to
span the full mass range My < ~200 GeV/c2

CDF DZero
Channel T 3 /SM Limits oxB/SM

On table maybe add WH

WWW wode...0zero uses obs (ex
this in its combination. p) ( p)

WH — (vbb ) 109 (8.9)
7H — 0/bb ) 17.8 (20.4)
7 H — vubb 80 (3.3) 7.5 (8.4)
H — 77 [@dds10% 30.5 (24.8) -

Combined 495 (4.6) 6.4 (5.5)
Tevatron Combined 51 (3.3)
H—-WW? 116 (2.55) 29 {24
Tevatron Combined 1.1 (1.6)
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5"’7‘1 Step...Tevatron Combination
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5"’7‘1 Step...Tevatron Combination

) Tevatron Run II Preliminary, L=1.0-2.4 b
10 I“ """""""" II """ T II """"""" |
'LE tron'EXpected;' """"""""

On table maybe add WH
WWW wode...Dzero uses
this in its combination.
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Future Prospects

® We can extrapolate into the future using either:
(1) The current analyses only adding more data.
(2) Extend the sensitivity for anticipated improvements
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Future Prospects

® We can extrapolate into the future using either:
(1) The current analyses only adding more data.
(2) Extend the sensitivity for anticipated improvements
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summary

@ Higgs search at Fermilab has become mature.
® The collaborations are squeezing every last bit
of sensitivity from all channels.

® Improvements continue to occur.

e With the additional data expected, there is still
an excellent opportunity for the Tevatron to
weigh in on the Higgs before the LHC takes over.
® Perhaps as early as this summer, the

experiments will begin excluding masses around
160 GeV /2.
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Higgs Sessions

| Sunday, April 13th: 1:30 - 3:00, 3:30 - 5:30
“Search for Higgs Boson in WW* Decays” Penning

;”Search for H Decays to WW™ at CDF” Burke
g”Search for WH to WWW Using Like Sign Dileptons at CDF” Wakisaka

é”Search for Associated Production of W and Higgs Bosons in Inu bb
Final States” Xu

%”Search for SM Higgs Boson Produced in Association witha Zora W
Boson at CDF” Apresyan

%”Evolutionary Neural Network Based Analysis of the ZH to 11 bb
Channel” : Shekhar

;”Search for Higgs boson using matrix-element technique at CDF”
Alvarez

“Search for Associated Production of W and Higgs Bosons in the All
éHadronic Decay Mode” Clutter °'




