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The SM Higgs

SM Higgs: massive scalar predicted by the Higgs mechanism of EW symmetry braking
Higgs mass is a free parameter
LEP direct search: m_>114 GeV @ 95% CL
Constraints from fits of EW data:
Best fit: M, =905 GeV,; m, <163GeV @ 95% CL
EW fit + LEP: m ;<191 GeV @ 95% CL
Clear indication that SM Higgs is fairly light if it exists

Dominant production mechanisms and decays
SM Higgs production
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Experimental Environment

The Fermilab Tevatron
pp collider with, E.,, =1.96 TeV
Delivered over 6 fb* of datain Run 2
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Strateqgy for the SM Higgs Search at

the Tevatron

Cover as many search channels as possible

Combine results of channels

Combine CDF and D@ results
Extract maximum information through use of
multivariate techniques

Artificial Neural Nets (NN)

Boosted Decision Trees (BDT)

Likelihoods using Matrix Element (ME) methods

Combinations of the above



Branching Ratio

Low-mass Higgs

Dominant decay for m,<135 GeV: H—bb
Need efficient b-tagging algorithms:

Most CDF analyses use secondary vertex + jet
probability taggers; D@ uses a NN

Search in the main production mode (gg—H) is not realistic due
to large backgrounds; best strategy:

Look for associated production: H+W/Z

W/Z reconstructed in leptonic decay modes
Perform searches in several topological final states

Most sensitive: I\/IET+I+bB, IIbB, MET+bb



MET+l+bb Final State

: : Selection
Higgs 5|gnal:_ MET>20 GeV
WH—I1vbb One lepton: p>20 GeV (CDF)
p;>15 GeV (DO)

Jets: Nig, = 2; Er>20 GeV, |n|<2.0 (CDF);
Niet = 2,3; Er>20/25 GeV, [n|<2.5 (DO);
One or more b-tags

Major backgrounds:
Wi+jets, tt, multi-jet

E
. o

Di-jet mass (D0)
— Use multivariate discriminators to

Improve signal/bg separation D@: split sample into 4 categories according to
2 FL-27m W+ 2lets / Tb-tag number of jets and b-tags
= r D@ Preliminar 4 ® Data . . . . . .
“E T LW e Signal extraction: NN with kinematic variables
i o and the ME discriminants
400 B other
ook Dluxe CDF: split into 3 categories according to b-tags
2°°§‘ Higgs Signal ext.ractllon: | |
3 NN with kinematic variable oined NN
- BDT: kinematics, ME, ‘Com ned Nh ,
superdiscriminant
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MET+l+bb Final State: Limits

Example output distributions

-1 Expected and observed limits
obtained for subsamples 2.7 fb P
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IIbb Final State

Selection
] ] 2 leptons (e/uw): p>18,10 GeV (CDF)
Higgs 5'9n§|: p>10 (15) GeV for e (1) (DO)
ZH—1lbb >2 Jets: E;>25,15 GeV, |n|<2.0 (CDF);

E>20,15 GeV, |n|<2.5 (DO);
Major backgrounds: Z+jets, tt, ZZ

CDF: 6 sub-samples (3 b-tag combinations, loose/tight lepton ID)
D@: 2 sub-samples based on b-tagging

Z , H: fully reconstructed, no real missing E — use constraints to improve m;

resolution: ~—pa
CDF: train a NN to correct jets to parton level ‘ D@ Run Il Prefiminary (3.1 15)

12 . Top

I Diboson

Events / Bin

Z+HF
D@: Perform a kinematic fit

10 Multijet

— ZH x100

Multivariate discriminators for signal/bg
separation in each subsample
CDF: NN’'s with 11 inputs and ~
2 outputs to separate ZH from tt and Z+bb L l H
D@: Boosted Decision Trees 2030 60 e 100 120 140 169, 180 Fho
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Number of Events

Events / Bin

lIbb Final State: Limits

Example output distributions
obtained for subsamples

CDF Run Il Preliminary (2.7 fb™)
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—ZUx15 W zn ¢ [ Ziets
4 B I fakes ;
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MET+bb Final State

Selection z
MET>50 GeV -
>2 Jets: E;>35,20 GeV, |n|<2.0 (CDF);
E;>20 GeV, |n|<2.5 (DO);

Higgs signal:
ZH—vvbb
WH—Ilvbb (undetected lepton)

Main backgrounds: multi-jet, W/Z+jets, tt

, . Di-jet mass (CDF)
The major challenges are multi-jet

Dijet Invariant Mass, Signal Region, Exclusive ST I

background estimation and suppression - CDE Run Il Praliminary, 2.1 1"
Use data-driven techniques s 1 b-tag sample =“”:,
Cross-checks in control regions 250f % e

Signal extraction zoo A

CDF: Neural network 180 2 |

D@: Boosted Decision Tree 100 fg 1 095 M=Hs GeV
5[); /

CDF: 3 sub-samples based on b-tag e ST TP

100 200 300 400 500 600 700D
M, (GeV)

requirements
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MET+bb Final State: Limits

NN output: sample with two b-tags

- - -1
‘ NNoutput, Signal Region, Double Tagged I CDF Run IT Preliminary, 2.1 fb
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§ 70 *— Data E ” VH— E; + bb Expected (85%CL)
o Multijet = 10" -
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Searches in the H—1tt channel

H—1t: second largest BR in low-mass region
Select events with tt+jj final state:
Sensitive to VH—qqrtt,, gqqH—qqtt, gg—H—17T (+ ISR)

KS prob = 68.4% CDF Run Il Preliminary
—=— Observed (L=2.0 fb7)

Events

CDF search (2 fb?)

2 taus (1 leptonic+1 hadronic decay), 22 jets
Use 3 NN'’s to separate bg (combine for limit)
Obs (exp) limit @ 115 GeV: 26 (31) XSM "’

T
iggs(MH=1 20)x30

— Min(NN(Sig_Z),NN(Sig _Top),NN(Sig vsQcD))1

=2

S () .
2, Do 1 fpt D@ search (1 fb?)
£ + B Vit 2 taus (t—uvv+1 + hadronic decay), 22 jets
: G_J[ J[ JU[ .;?;’oson Consider also ZH—ttbb signal
‘T Jr — Higgs x 30 NN discriminant
| el ll Obs (exp) limit @ 115 GeV: 42 (44) X SM

0.8
NN output 13



Additional channels

. '%F DO, 4.2 b preliminary
D@ search for H—vyy (4.2 fb?) >1:;~+ T
Well-defined signal but small BR 8inf ¢ ++ signal<50 (W, 120GeV)
Obs (exp) limit @ 115 GeV: 16 (19) x SM 3 ++++ |
B 403— _+__+__+__+_
(;DF Run Il preliminary L=20fb" ?ug -11'0- . '11|5' - '1£o' L .12|5. L .13-0. "
M,, (GeV)

CDF search for W/Z+H—qqbb (2.0 fb?)
Multi-jet final state
Likelyhood ratio using ME

Obs (exp) limit @ 115 GeV: 37(38) xSM

26 1598 17 1645 14 1312 11110 DO Runll 2.1 b Preliminary - see

E : 100x1tH->ttbb
F i i
. =5 jets, =3 tag B et
Z+jets

ME Discriminant

10

diboson
Il single top
multijets

Number of Event

D@ search for ttH, H—bb (2.1 fb?)
>5 jets with 23 b-tags
Extract signal from H; distribution
Obs (exp) limit @ 115 GeV: 64 (45) x SM
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High-mass Higgs

Branching Ratio

Dominant decay for m,>135 GeV: H->W*W
Select leptonic W decays: 2 OS leptons +X

signature , ,A

100 120 140 160 180

Final states with e/u : efficient suppression of multi-jets |
backgrounds

Can take advantage of gg—H production

Pick some events from W/Z+H, qqH production
Disadvantages: account only for ~6% of all events (including
taus with leptonic decays)

Backgrounds: DY, WW, WZ, W+jet, Wy, tt

Alternative signature in WH—WW~*W: 2 SS leptons + X
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H—-W*W at D@

Split the samples based on lepton flavor
my, = 160 GeV; L, = 3.0-4.2 fb-!

Selection
2 leptons (e/p): p>15, 10 GeV Ch. £ (')  Signal Bkgd  Data
Significant MET efl 4.2 122+£01 337410 329
M;>15 GeV ec 42  6.13+001 332+15 336

(L 30 48 x000 4325x24 4034

Neural nets to separate signal from backgrounds

8 TN LI R MR T N M R R BRI RS » [ e e e L LA e e
= . - -1 | —e— 9 . - ; ——
= D@ Preliminary = DO Preliminary = cata
102 -1 — = -1 =
o Runll, 4.2 fb E o Run I, 3.0 fb 3
HoWW see S Eb” H— WW - pu -Dw
41— |
= diboson E deboson
] Wijet _E DW+]
E mmmmmmm _: Dmumjel
all ™ ’ D ttttt
E — (H+X)x10 MH:165GeV — (H+X)x Gi
1L n—
1.2 1.4 04 02 0 02 04 06 08 1 12 1.4
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H—-W*W at D@

Limits from the OS di-lepton channel

g} L ._,?_Dilepto_h_tMET —" Ohﬁerfved I imiil ______________
% EDQ Prciiminaryé, L=3.04.2 B! | =eeee » Expected Limit
- : - Expected £2-¢
10 -~ . .. e L — '.........::::::::.i...

My, (GeV/c?)

Increase sensitivity in the H—>W*W search:
add SS events from WH — WW'W—[** +X
Major backgrounds
Charge misidentification
W+jets (Jet—lepton misidentification)
Observed limit =18 x SM @ m,=160 GeV
(expected: 11)

This channel gets us closest to expected
SM signal:

S Observed limit =1.7 xSM @ m_=160 GeV

(expected: 1.8)

Still no sensitivity for exclusion based on
single experiment and channel... but
getting there

-~
o

_—DﬁPrellmmary | = Observed Limit

F L=36f"(Runl) . |...... Expected Limit
- WH- WW'Wo FE+X : :

[=1]
o

[4)]
o

-0
a4lllI|IIII|IIII|\III|I\II|I\

(5]
o

n
o

Limit / o(pp—sH)x Br(H->W*W)
) 3

D 2 T 2 27 T A T T 20 2 T ) B 2 S
120 130 140 150 160 170 180 190 200 210
m,, (GeV)
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H—W*W at CDF

Selection ~ o .
2 leptons (e/p): p+>20, 10 GeV my, =160 .Ge\/__, Lin = 3.6 10
Significant MET; M;>16 GeV Channel  Signal Bkgd  Data
_ _ o 0Jets  95+14 637=67 654
Split the samples based on jet multiplicity: | Jet 50R407% 27R+35 262
different signal and bg composition 2+ Jets  453+052 17323 169

Separate treatment of forward leptons for 0,1 jets

Higgs production mechanisms have also different expected signal
contribution to the subsamples:
Njets=0 almost exclusively due to ggH
Nijets=1 ~20% from VH and VBF
Njets22 ~60% from VH and VBF

Signal extraction using NN's
Use kinematic variables as inputs, for
zero jets include also the matrix element

CDF Run Il Preliminary jL:s.sib"

= 0S 0 Jets, High S/B Wi
" M, = 160 GeV/c? WW wy

5
=

Events /0.0
2,

'y
=}

I|

—h

-t IIHII| I IIHIHl I I IIIIII‘ T TT]

LR's
Separate nets for each subsampleand ~ »*
Mass point s o

NN Output
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H—W*W at CDF

Select 2 SS leptons and 21 jet

Use a NN to discriminate backgrounds

Less sensitive than the OS search, but
adds ~5% sensitivity

Combined SS and OS limits

CDF Run Il Preliminary I L=351"

10? %z:::::: |

SNRIRIOI 0S+SS Expected
.. —— OS+88S Observed
- [ OS+88+ 16

. [ ]OS+88+ 20

-------

Standard Model | . |
7]’"\'"l'"l'"i"i'"l" | r i'"l"'\'”i"i'"i e |'"\'"i"'|"'\'"|' 1 | |||\| Ll 1|\||
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/cz)

CDF Run Il Preliminary jL:s_s i’
S  [S8S1+Jets w
S 127 m, =160 GeV/c? b
7] wz
€ 1wl Expect: 46.1 + 8.0 background z
it . 1.4 + 0.2 signal Ow
Observe: 41 events .o
] my=160 GeV
B SM x10
s
D:' + L ILi _+ :fi. —‘::'—‘—‘—Fl?t: 1 iq i
-1 -0 8 -06 -D4 -D.2 D D2 0.4 D6 0.8 1

NN Output

Observed limit: 1.5 x SM prediction
@ m,=160 GeV (expected: 1.4)

(combined OS+SS searches)
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Combined Results for All Masses

CDF Run Preliminary L=2.0-3.6 fb™

|.SM Higgs.Combination............... | m—l Obsetved Limit

‘ coot ot r T T Erpr e
& LEP Limit " Expected 2
= e ‘ — Observed : e DQ Prehmlnary L=0.9-4.2fb | s ‘Expected Limit
IE 10 ) 7 ‘ . . . i CI -_t1c Expected 7: :E ...................................................................................... | hxpe< ted+l 0
= - 220 Expected . g i Expected 2o
= U — ‘ b 10 s =
3 o Tk
3 e
o
1 SM=t ] ; Standard Model=10 = =
| Warchsz09 | :EEZEEEEEEEEZEEEEfffffffiff::::::::::::: e Marehr 5;:2009
100 110 120 130 140 150 160 170 180 190 200 100110120 130140 150 160170 180" 190" 200
m,(GeV/c ) my, (GeV/c?)

The results are based on L.
for CDF (DQ)

Similar overall sensitivity at both experiments
Maximize sensitivity: combine CDF and D@ results

of 2.0-3.6 (0.9-4.2) tb?

int
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Combined CDF+D@ Limits

Tevatron Run |l Preliminary, L=0.9-4.2 fb™
ey L DL L L L L |"'!.}""I""|""

= _ 0%
N LoadasiN LEP Exclusmn oy Tevatron ]
= 8 /_ W Exclusion
E LEELL Expected f § AAAA §
— 10 Fk m—— Observed . 00l
- I +1c Expected
4 ....................... l——‘ +26 Expected
O PSRN . i e PO
N
n
o
1
o TR . | ‘ | March5200l9

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

The Tevatron experiments are now in position to put constraints
on the SM Higgs from direct searches
SM Higgs with 160<m <170 GeV excluded at 95% CL
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Conclusion: What does the (near)

future hold

Expected Limit/SM

10

More data:

Collected samples already exceeding 5 fb*/ experiment

Smooth operation of the Tevatron and the detectors
Improved sensitivity

Analysis improvements, additional channels

2xCDF Preliminary Projection, m,=115 GeV

Summer 2005
Summer 2006
Summer 2007
January 2008
December 2008
With Improvements

4 6 .8 10 12 4
Integrated Luminosity/Experiment (fb™)

Expected Limit/SM

-
o

2xCDF Preliminary Projection, m_,=160 GeV
T T T T T

With Improvements

T
Summer 2004
Summer 2005
Summer 2007
January 2008
December 2008
March 2009

4 6 . 8 10 = 12 14
Integrated Luminosity/Experiment (fb™ ')
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Conclusion: What does the (near)

future hold

More data:

Collected samples already exceeding 5 fb*/ experiment

Smooth operation of the Tevatron and the detectors
Improved sensitivity

Analysis improvements, additional channels

2xCDF Preliminary Projection, m,=115 GeV 2xCDF Preliminary Projection, m_ =160 GeV
T T T ! ! ! T T

= = T
Q'J_ —— Summer 2005 g —— Summer 2004
= —— Summer 2006 E 10 Summer 2005
E —— Summer 2007 = —— Summer 2007
- —— Januar y 2008 - —— Januar y 2008
210 —— December 2008 _.:’_’, —— December 2008
o 1 With Improvements D —— March 2009
g_ g. With Improvements
> H
i Ll
1
1
o
0

4 6 . 8 10 12 14
4 6 .8 10 12 414 Integrated Luminosity/Experiment (fb™ )
Integrated Luminosity/Experiment (fb™)

More Higgs news to come from the Tevatron! Keep yourself informed:
http://www-cdf.fnal.gov/physics/new/hda/hdg.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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