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Motivation on low Higgs search

• Higgs boson is last missing piece in SM.
> 40 years has passed since P. Higgs’s paper (PR.145:1156, 1966).

• LEP limit: mH>114.4 GeV @ 95 % C.L.

• Global fitting in SM

80.3

80.4

80.5

150 175 200

mH [GeV]
114 300 1000

mt  [GeV]

m
W

  [
G

eV
]

68% CL

∆α

LEP1 and SLD
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LEPEWWG: (arXiv:0811.4682)
95% C.L.: mH < 154 GeV

DATA favor low Higgs mass
From Tevetaron
Direct Search
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SM Higgs search at Tevatron

Analysis Strategy
mH < 135 GeV

WH/ZH WH/ZH +    +    HH bbbb

mH > 135 GeV
Gluon fusionGluon fusion +    +    HH WWWW

• Production
1. Gluon fusion (0.8 ~ 0.2 pb)
2. WH associated production 

(0.2~0.03pb)
3. ZH associated production 

(0.1~0.01pb)
• Decay

– mH < 135 GeV
H bb is dominant

– mH > 135 GeV
H WW 

top, Wbb, Zbb

WW, WZ
Drell-Yann

BackgroundBackground
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How to search higgs at low mass?

ZH νν bb
MET+bb
Rich signal

Multi-Jet (MJ) BG:  
HIGH                                                       LOW

WH lν bb
l+MET+bb
Rich signal

ZH ll bb
2l(e/µ)+bb
less signal

Extension:
H γγ
VH τ + jets
ttH ttbb
Signal from 
gg->H, VH, VBF

0-lepton 1-lepton 2-lepton
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Tevatron performance and data set

Feb 22: 6.09 fb-1 delivered, 
5.33 fb-1 recorded.

Data taking efficiency: > 90%, 93%(highest), 
- Recent condition:  40-50pb-1 / week,  
highest delivered / month (2008.Dec.): 255 pb-1

2002 Apr 2004 Apr 2006 Apr 2008 Apr
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Tevatron performance and data set

Feb 22: 6.09 fb-1 delivered, 
5.33 fb-1 recorded.

Data taking efficiency: > 90%, 93%(highest), 
- Recent condition:  40-50pb-1 / week,  
highest delivered / month (2008.Dec.): 255 pb-1

2002 Apr 2004 Apr 2006 Apr 2008 Apr

Largest data set : 4.2 fb-1 (~ 2008 Dec)

Nominal data set : 2.7 fb-1 (~ 2008 May)

Thank Tevatron Accelerator Group for great effort !!
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Tools: b-jet identification

• Higgs Decay: H bb
– b-ID is essential

Dzero:  Neural Net tagger
Combination of SV & dca
Loose: 70% eff, 4.5% fake
Tight : 50% eff, 0.3% fake 

CDF: Secondary Vertex 
Jet Probability

Loose:  50% eff, 1.5% fake
Tight  :  40% eff, 0.5% fake

Usage: Define orthogonal samples
if   Two Tight (Loose) (Ti-Ti)

S/N ~ 1:50
else if  1 Loose + 1 Tight (Lo-Ti)

S/N ~ 1:100
else if  1 Tight (Ti)

S/N ~ 1 : 300

Pre-tag

6
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Tool: Multivariate Analysis (MVA)

In order to maximize sensitivity
• Neural Network (NN)

– Well known technique.

• Boosted Decision Tree (BDT)
– Relatively new. 
– BDT is fast

can handle more inputs. 

• Matrix Element (ME)
– Event probability can be obtained by integrating ME.
– Input is 4 momentum vector for each objects.
– Need huge CPU power.

These three approaches are often combined by Neural Net / BDT.

Major Inputs
- Dijet mass
- Pt of dijet
- Wpt, Zpt
- Sphericity
- q x η
- ∆Rjj, ∆φjj, ∆ηjj
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2 lepton: ZH ll bb

Signature: 2 leptons + 2 b-jets
• Lepton requirement

CDF: 1st (2nd) pT > 18(10) GeV
Define Loose, Tight category

DØ :  pT > 10 GeV

• Jets requirement
Pt > 15 GeV,  |η| < 2.5

qq

qq

ZZ
ZZ

HH
bb

bb

e, e, µµ
e, e, µµLumi: 

CDF: 2.7 fb-1

DØ : 2.3 fb-1

Z mass window cut is applied.

CDF (tight, loose) DØ

b-ID Signal BG Signal BG
Ti-Ti 

(Lo-Lo) 0.4, 0.1

0.4, 0.06
0.9, 0.2

0.29 69

Lo-Ti

20.4, 5.6

35.6, 9.6 ---- ----
264, 93Ti 0.23 117

Yield w/ b-ID

CDF: 
improve dijet mass res. from MET.

8
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2 lepton: ZH ll bb

Signature: 2 leptons + 2 b-jets
• Lepton requirement

CDF: 1st (2nd) pT > 18(10) GeV
Define Loose, Tight category

DØ :  pT > 10 GeV

• Jets requirement
Pt > 15 GeV,  |η| < 2.5

qq

qq

ZZ
ZZ

HH
bb

bb

e, e, µµ
e, e, µµLumi: 

CDF: 2.7 fb-1

DØ : 2.3 fb-1

Z mass window cut is applied.

CDF (tight, loose) DØ

b-ID
Ti-Ti 

(Lo-Lo)
Lo-Ti

Ti

CDF: 
improve dijet mass res. from MET.

DØCDF (tight, loose)

1 / 293
1 / 89

1 / 51

Signal / BG

------Lo-Ti

1 / 237Ti-Ti 
(Lo-Lo)

1 / 508Ti

Signal / BGb-ID

S/N w/ b-ID

8
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2 lepton: ZH llbb MVA and result

• DØ: NN, BDT(part of µ channel)

• CDF: 2 dimensional NN

t tt t

ZjjZjj

ZHZH

Result:
No significant No significant 
excess.excess.
Limit / SM

@ mH=115GeV

DØ 2.3 fb-1:
exp : 12.3
obs : 11.0

CDF 2.7 fb-1 :
exp :  9.9
obs :  7.1 
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Signature: 
1 e/µ + MET + 2 b-jets

• Lepton and MET 
DØ :  pT > 15 GeV, MET > 20 GeV
CDF:  pT > 20 GeV MET > 20 GeV

iso track event is included.

• Jets requirement
Pt > 20 GeV,  |η| < 2.0

DØ: 1st jet pt > 25 GeV
HT > 60 GeV

1 lepton: WH lν bb

qq

qq

WW
WW

HH
bb

bb

e, e, µµ
νν

CDF DØ (2jet, 3jet)

b-ID Signal BG Signal BG
Ti-Ti 

(Lo-Lo) 1.4

2.0
4.6

3.9, 1.0 345,322

Lo-Ti

156.5

146.2 ---- ----
1760Ti 6.8, 1.6 2182,963

Yield with b-ID
Gain ~ 20% in signal eff. by iso track

Lumi:
2.7 fb-1

Cut for reject QCD
2nd lepton veto
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Signature: 
1 e/µ + MET + 2 b-jets

• Lepton and MET 
DØ :  pT > 15 GeV, MET > 20 GeV
CDF:  pT > 20 GeV MET > 20 GeV

iso track event is included.

• Jets requirement
Pt > 20 GeV,  |η| < 2.0

DØ: 1st jet pt > 25 GeV
3 jet sample.

1 lepton: WH lν bb

qq

qq

WW
WW

HH
bb

bb

e, e, µµ
νν

CDF DØ (2jet, 3jet)

b-ID Signal BG Signal BG
Ti-Ti 

(Lo-Lo) 1.4

2.0
4.6

3.9, 1.0 345,322

Lo-Ti

156.5

146.2 ---- ----
1760Ti 6.8, 1.6 2182,963

Cut for reject QCD
2nd lepton veto

Gain ~ 20% in signal eff. by iso track

Lumi:
2.7 fb-1

DØ (2jet, 3jet)CDF

1 / 383
1 / 73

1 / 112

Signal / BG

-------Lo-Ti

1 / 88Ti-Ti  
(Ol-Ol)

1 / 320Ti

Signal / BGb-ID

S/N w/ b-ID
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1 lepton: WH lν bb   result
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MEBDT
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NNME

7 kin, var

Neuro
Evolution of
Augmenting
Topologies

DØ : NN with ME + 7 Var.

CDF : NEAT with MEBDT + NN

Result:
No significant No significant 
excess.excess.
Limit / SM

@mH=115GeV

DØ 2.7 fb-1:
exp : 6.4
obs : 6.7

CDF 2.7 fb-1 :
exp :  4.8
obs :  5.6 

exp Obs
BDT 5.2 6.2
NN 5.8 5.2

NEW
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0-lepton: VH νν bb

• Signature : MET + 2 jets.
CDF:  MET>50 GeV, Jet1(2) pT >35 (25) GeV
DØ :  MET>50 GeV,             pT >20 (20) GeV

• To handle Multi-jet BG
– Signal sample
– Control region

- QCD control sample
- EW control sample

QCD Rejection NN
−1.5 −1 −0.5 0 0.5 1 1.50

200

400

600

800

1000

1200

1400

1600
−1CDF Run II Preliminary, 2.1 fb

−1.5 −1 −0.5 0 0.5 1 1.50

200

400

600

800

1000

1200

1400

1600 Data

Multijet

Top Pair

Single Top

Diboson

Z/W+H.F.

Background Error

25×VH115

QCD Rejection NN, Signal Region, Exclusive ST

qq

qq

ZZ
Z(W)Z(W)

b
HH

b

bb

ν ( ν ( l )l )
νν

Signal: νν+jet MJ: jet + mis-meas.
Lumi:
2.1 fb-1

EW cont. sample

Cal MET  ≠ Trk MET

QCD rejection
D0  :  ∆φ (CalMET, TrkMET)
CDF: Train NN to reject QCD.



/18
Low mass Higgs 

Search at Tevatron

Y. Enari 13
0-lepton: ZH νν bb result

• Yield after b-ID
CDF DØ (2jet or 3jet)

b-ID Signal BG Signal BG
Ti-Ti 1.9

1.5
4.0

---- ----
Lo-Ti

105
149 3.7 442.8
1443Ti ---- ----

Result:
No significant No significant 
excess.excess.
Limit / SM

@ mH=115GeV

DØ 2.1 fb-1:
exp : 8.4
obs : 7.5

CDF 2.1 fb-1 :
exp :  5.6
obs :  6.9 

• MVA
DØ : BDT CDF : BDT
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0-lepton: ZH νν bb result

• S/N after b-ID
CDF DØ (2jet or 3jet)

b-ID Signal / BG Signal / BG
Ti-Ti 1 / 55

1 / 93
1 / 361

-------
Lo-Ti

Ti
1 / 120
-------

Result:
No significant No significant 
excess.excess.
Limit / SM

@ mH=115GeV

DØ 2.1 fb-1:
exp : 8.4
obs : 7.5

CDF 2.1 fb-1 :
exp :  5.6
obs :  6.9 
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• MVA
DØ : BDT CDF : BDT
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ggH, VH, VBF tau + jj

Search tau + jet final states from all production:
Gluon fusion, W/Z associated,  Vector Boson Fusion production

Limit / SM @ mH = 115 GeV
Limit / SM @ mH = 115 GeV Final state exp Obs

τν bb  42.1 35.4
ττ jj 42.3 44.4

combine 27.6 27.3

ττ jj exp: 30  obs: 24

CDF 2 fb-1:  ττ+ 2jet
Train 3 NNets against 3 BG (tt, Z, MJ)

DØ 1 fb-1:
tt+jj, Train NNets against each BG.
tν+bb: Use dijet mass

NEW
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H γγ : 4.2 fb-1 analysis from DØ

Gluon fusion, W/Z associated production,  
vector boson fusion production

Compensate low Br(H γγ) ~ 0.2%
BG: i) QCD γγ

ii) jet fake gamma.
iii) Drell-Yann
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NEW

15

95% C.L. limit / SM @ mH =120 GeV
exp: 17.5   obs: 13.1No significant excess is observed.No significant excess is observed.
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Combination

• List of searches at low mass. 

Production Decay CDF DØ

ZH ll bb 2.7 9.9 (7.1) 2.3 12.3 (11.0)

VH νν bb 2.1 5.6 (6.9) 2.1 8.4 (7.5)

Not included

Lumi Limit/SM
exp (obs) Lumi Limit/SM

exp (obs)
WH lν bb 2.7 4.8 (5.6) 

30  (24)
-----

168

6.4 (6.7)

All τ + jets 2.0

2.7

1.0
4.2

-----

28  (27)

2.1

All γγ ----- 17.5 (13.1)

WH qqbb -----
ttH lnjjbbbb 0.32 45(64)

σH: NNLO
JHEP 0307, 028 (2008)
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Cross section limit / SM prediction

• Tevatron combination for Moriond 09 is not available yet.
Will be available by end of conference.

Limit / SM @ mH = 115 GeV
CDF : exp 3.2  obs 3.8

1

10

100 110 120 130 140 150 160 170 180 190 200

1

10

mH(GeV/c2)

95
%

 C
L
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im

it
/S

M

CDF Run II Preliminary, L=2.0-3.0 fb-1

Expected

Observed

±1σ
±2σ

LEP Limit

SM
January 15, 2009

CDF Combination DØ Combination
Latest result is not included.

Limit / SM @ mH = 115 GeV
DØ : exp 4.6   obs 5.3

(2008 Aug)(2009 Jan)

17
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Summary and prospect

• Higgs group working very hard in both CDF and DØ to find 
last missing piece of SM. 

• No excess from BG expectation is observed yet. 
• Cross section limit / SM @ 95 C.L. :

CDF: 3.2 (3.8)   Dzero: 4.6 (5.3) @ mH=115

1

10

0 2 4 6 8 10 12 14

2xCDF Preliminary Projection, mH=115 GeV

Integrated Luminosity/Experiment (fb-1)

E
xp

ec
te

d
 L

im
it

/S
M

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

Exciting searches are on going!   Exciting searches are on going!   Stay Turned !Stay Turned !

Analyzable ∫L dt will be 
reached more than 5 fb-1

very soon, This Summer!.

Combined result will be released end of Combined result will be released end of MoriondMoriond EW!EW!
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Detector

protons

Electronics

Tracker Solenoid Magnet

3 Layer
Muon 
System

Preshowers

General purpose detector
Good hermeticity

Rapidity coverage  
CDF Dzero

Track 2.0            2.5 
Cal (EM,HAD) 3.6            4.0 
Muon 1.0            2.0 
B-field 1.4 T 2.0 T

η = -ln(tanθ/2)
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