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Tevatron

 Tevatron is running really well:
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Expect 6-8 fb' datasets by end of 2009 + possibly run in 2010

Data analysed with 2 multipurpose detectors CDF and DO:
EM +had calorimeters for e +jet id
Muon detectors

Silicon vertex detectors for b tagging
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Higgs Production at the Tevatron and Decay
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. Additional low mass search channels:
Main channels at low m_ <140 GeV WH _ 1vbb
WH - Ivbb VH - qgbb
ZH — libb, vwbb H — 1z (with jets)
H - y
Dominant gg — H, H — bb has massive background ttH — Ivbbbbqq
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The Challenge

[JUS Proauction 1s_very rare.
Careful analysis to separate signal
from background.

5. Trigger
«High p; e, triggers
*MET + Jets triggers
*Track + MET + Ecal t-trigger

6. Reconstruct final state
Leptons
«Efficient b-tagging
*Good jet resolution
*MET reconstruction

7. Separate signal and
background
*Measure backgrounds
*Advanced analysis tools to
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Identification of b-quarks (b-tagging)

Tagger
*+ NN
= JLIP

*Most sensitive channels have H - bb

«Silicon detectors used to find secondary vertices
Efficiency ~40 - 70%

*Fake rate (mistags) typically 0.5 - 5%

D0 uses Neural Network tagger based on b-lifetime
information

b-Jet Efficiency (%)

«CDF utilizes secondary vertex and Jet Probability /
algorithms + additional NN flavor separator o = e e et
*Use either single tag or looser double tag I o v (e pmc F pa T T S T ¢ O WK S
Fake Rate (%)
N _ c/l-like b-like
05 SecVix Tag Efficiency for Top b-Jets < . . ‘ >
sl g ; Tight Secix | [ (] Weoottom
Displaced tracks / g 05 _ Loose SecVtx [] wHlight CDF
¢ I
/ gt CDF
necaynfeme/ //g'gem e C ok Jet-Flavor Separator
Primary vertex _ 7/
/ 02
| o1 . Top MC scaled to match data
Prompt tracks “b-tag” — |dentified ' ' Only b-jets with E>15 GeV
o b b b b b by Py by o N ) ) )
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WH- Ilvbb

Analysis Technique
*Loose double tagging
*Lepton ID with isolated
tracks/extended muons
*Include W+3 jet data
*Include fwd electrons
*NN discriminator

*1 lepton+MET+ 2 b jets final state

*ME+BDT
*About 3-4 evts / 1fb! i _
*Most sensitive channel at low mass g0l L=1.7 " Wk jots i 2 brtags
D@ Preliminary ® Data
. i CIW + jets
Main background W+bb =QcD
tt
- . —
DI NN Inputs: a0 E%ﬁgr
P%l’ P%Z’ ARJJ?A¢333 - 115 GeV (x10)
Pj’j M. : PE—MET | )
47 TR T - 115 GeV (X10)
M- 1
@ NN Inputs:- - [
b sYys
ij: P%m :PT y

Mgn'in ARQ EjEtS 100 150 200 250 300
g 3 vy 5
Y Dijet Mass (GeV)
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WH- Ilvbb

Neural Network
CDF Run Il Preliminary 2.7 fb”"

Matrix Element+

Boosted Decisiof? |

Il WH(115)
[ w-+light

CDF Run Il Preliminary, L=2.7 1‘b'1

W + 2 jets/ 2 b-tags

_.CLJ I W-+bottom
S 10° =$ZE2““ Tree
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£ [ D9, 45 qp W+ 2ets (2 b-tag)
@ g0l O jets Results at m, =115GeV: 95%CL Limits/SM
B B multijet
- it g .
a0l EWbb Analysis Lum Higgs Exp. Obs.
: Eﬁ';e; - (fb) Events | Limit Limit
B M =115 GeV
201
B CDF NN 2.7 8.3 5.8 5.0
10F +
i CDF ME+BDT 2.7 7.8 5.6 5.7
02 0 02040608 1 1.2
115 GeV-Neural Network Output DO NN 1.7 7.5 8.5 9.3
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ZH - vvbb

Analysis Technique

*Use data to estimate QCD

*Add 3rd jet to get acceptance for WH - tvbb (CDF)
or dedicated analysis (DO)

*CDF adds tracks to jets to improve resolution (H1 alg)

*DO0: BDT with 24 inputs

*Large MET + 2 b jets *CDF: Uses NNs

*Also add WH - (l)vbb .. [ DOpreliminary (211
when lepton is missed o F = .
Q B 1 Z+bic:| ]
*~ 3-4 evis / fb o 5o Dijet Mass -afzfﬁ -
. E g W:jefs-gﬁj ]
Main backgrounds Z+bb, £ s0F M,=115GeV oo =
W+bb, multijets - =—Hdp(iieGel)
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ZH - vvbb

NN Output, Signal Region, ST+5T
CDF Bun Il Prelimi
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Neural Network Output DT dis:::rillmnant
Results at m,, =115GeV: 95%CL Limits/SM
Analysis Lum | Higgs | Exp. | Obs.
(fb") Events | Limit Limit
CDF NN 2.1 7.3 6.3 7.9
DO BDT 2.1 3.7 8.4 7.5
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. ZH - I1bb

Analysis

*Improved dijet mass
resolution with no MET
constraint

*Loose double b tagging

¢ 2 leptons + 2 b jets | *CAL/track only leptons
- Cleanest signature! *NN, BDT, ME techniques

No MET, can fully reconstruct event Main background Z+bb

* About 1 event / 1fb! i _ ~Data
- DO Preliminary —QcD
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ZH - IIbb

Boosted decision tree

combined with

---- |Matr|lx I-E-I?.m?rl]t. N — (DO Runllb Preliminary 1.2 6" | ————Previous data
45:_ COF Run l Breliminary (207 o L T —— Signal (M,=115)
B 10 ZH (M =120 GeV) 3 S 10 e — —— QCD Background
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In[P, ] BDT Output
Results at m, =115GeV: 95%CL Limits/SM
Analysis Lum | Higgs | Exp. | Obs.
(fb") | Events | Limit | Limit
CDF NN 2.4 1.8 11.8 [11.6
CDF ME(120) |20 |14 |152 |118
DA NN,BDT 2.3 2.0 12.3 | 11.0
PN, Ardran Mahia LIVERPOOL 1 DES




Other channels sensitive at low mass

1 q >2jet CDF Run |l Preliminary
i
T g —— Data{L=2.0fb™
9 B3 jet > 1: 55 Data
q W a0 Add-On Wtjets
b 10 Z - eefyp + jets
T z Top/Diboson
&0 2o +jets
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Analysis Technique au
*Signature T had+ T lep+2 jets ag
*Simultaneous search in : 3ic? YO

WH+ZH+VBF+ggH 0 50 100 150 200 250 i[
Fullec M GeV/
*Use NN to extract signal ulleeMass [GeVic]

Dijet Mass
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Analysis Technique ik
*Hadronic T+ MET + 2 b jets ‘

0.5

*Use Dijet mass to extract signal

o
STTTT
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Other channels sensitive at low mass

DO Runll 2.1 fb™! Preliminary Sdam
s 100xttH->ttbb

=5 jets, =3 tag

tt
0 WHjets
Z+jets
7 diboson
I single top
i Bl multijets
@+ —

Analysis Techniques
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Number of Events

*1 lepton + MET + 4 or =5 jets
* Separate events into i
*1,2,3, 23 b tags ;
*Use scalar sum of jets (H;) t0 'L
extract signal g

0 0 100 150 200 250 300 350 400 450 500
H; (GeV)

CDF Run Il Preliminary L =2.0fb’

*4 jets, 22 b jets 10°

M, =120 GeV

*Large BR of W/Z->qq :
*Large multijet background LLg
*Use matrix element to extract 2 1ot
signal § 1

M single top, WZ,Wbb (MG)
M itbar (MC)

JQCD (data driven)

BMBG + SM VH x 40
+data
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*Background QCD yy, yjet
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Summary of Analyses

CDF DO
Channel 95% C.L. Limits 95% C.L. Limits
alBR/SM obs (exp)  aBR /SM obs (exp)
WH  lvbb (NN) 5.0 (5.8) 2.7fb" 9.3 (8.5) 1.7fb"
WH  lvbb (ME+BDT) 5.7 (5.6) 2.7fb"
WH _ tvbb (NN} : 35.4 (42.1) 0.9fb
) VH - qgbb (ME) 37.0 (36.6) 2.0fb" :
2 ZH — llbb (NN) 11.6 (11.8) 2.4fb"  11.0 (12.3) 2.3fb"
S ZH-lbb (ME) g _is0cev| 142 (15.0) 2.0fb"
= ZH-w/WH- (I) vbb (NN) 9 (6.3) 2.1fb" 7.5 (8.4) 2.1fb"
ér ttH . lvbbbbag i 63.9 (45.3) 2.1fb"
Hoyy : 30.8 (23.2) 2.7fb
H- 1t 30.5 (24.8) 2.2fb" -
Combined XX (X.X) XX (X.X)

Also WW contributes in the low mass region
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Tevatron Combination

- Status of April 9th 2008 -

) Tevatron Run II Preliminary, L=1.0-2.4 fb!
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Conclusions

*Higgs physics at the Tevatron is getting exciting!

Low mass region has large backgrounds due to the dominant decay to b
quarks

« Expected limit should fall below
~ 3 x SM for m,;=115 GeV/c? in the next Tevatron combination

«Additional improvements actively in progress
- Further extending signal acceptance for leptons and b tagging
- Improved jet resolution
- Extended b-tagging and flavour separators

» Expect 2-3 times current analyzed lumi (more if we run in 2010)
*Details on each analysis is available at:

« CDF:
* DO:
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