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Introduction

+ So far, the Standard Model is
successful

+ Higgs Mechanism:
» Scalar field in a potential...

» ... breaks the EW symmetry
» — Mmassive gauge bosons

» — massive fermions (Yukawa couplings) m,

» — a massive Higgs boson
+ But not yet observed

had
0
R lep
ol
A

FB

A (LEP)
A(SLD)|

.2 - lept
Sin“0 (QFB)

Ao,c

FB

0b
A

FB

n

3 -2 A 0 1

(oiii

-0

meas)

2

/o

3

meas

0.1
0.2

-1.7
-1.0
-0.8

0.3

-1.9
-0.8

0.9
2.6

-0.1

0.6
0.0

-0.8
-0.1

1.4
-0.1

0.0

-0.0

0.4

Search for light Higgs boson at D@



Indirect constraints

+ Direct measurements of top and W masses point to a
light Higgs boson

July 2008
T

68% CL

80.3 -

1 — LEP2 and Tevatron (prel.)
July 2008 80.5 -~ LEP1 and SLD
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Indirect constraints

+ Direct measurements of top and W masses point to a
light Higgs boson

July 2008
T

' |
1 — LEP2 and Tevatron (prel.)

July 2008 80.5 -~ LEP1 and SLD
68% CL

.. Including the W mass

of D@ Run II (Moriond '09)™ gg3-
m, = 80.401 +/-0.044 GeV

[naive personal extrapolation]  1sg 175 200
m, [GeV]
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Global fit

¢+ Global electroweak fits indicate a low mass Higgs :

> mH=80+3°_23 GeV

LEP exclusion at 95% CL |

_______________________________________________
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Global fit

¢+ Global electroweak fits indicate a low mass Higgs :

> mH=80+3°_23 GeV

¢+ If one includes direct searches from
LEP (m,>114.4 GeVv) and Tevatron (m,#170 GeV) :

» M =116.4+183__ GeV

Hig
(in SM)
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Strategy @ Tevatron

+ High mass (m,>135 GeV) searches can look for
gg—-H-\W\W production
¢+ Low mass: gg—»H—-bb has too much QCD background
— search for associated productions
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Strategy @ Tevatron

+ Low mass Higgs searched in 3 main topologies:

» 2 jets from b-quarks

- b-tagging

» lepton(s) and/or missing

transverse energy

+ But also :
> H—)yy

8 W(—>qq')H(—>TT)}>
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Detector & analysis data sets

-
-
-~
-~

“.D@\at Tevatron (vs=1.96TeV):
Muon chambers

Calorimeter

Tracker (incl. silicon vertex detector)

DO Detector

Samuel Calvet Search for light Higgs boson at DG 10



Detector & analysis data sets

Luminosity (/fb)

Run Il Integrated Luminosity |

19 April 2002 - 15 March 2009 ‘
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Background/signal simulation

+ W+jets, Z+jets, tt contributions
» are evaluated using the alpgen generator
(interfaced with pythia)
« WW, WZ, ZZ, WH, ZH
are produced with pythia
+ Single-top events
» are generated with comphep
(interfaced with pythia)

Samuel Calvet Search for light Higgs boson at DG
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Background/signal simulation

+ W+jets, Z+jets, tt contributions
» are evaluated using the alpgen generator
(interfaced with pythia)
« WW, Wz, Z2Z, WH, ZH
are produced with pythia
+ Single-top events
» are generated with comphep
(interfaced with pythia)

- Estimated from the data

+ |Instrumental background (multijet events):

Samuel Calvet Search for light Higgs boson at DG
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Tools

B-tagging
(Boosted) Decision Tree

Matrix Element Discriminant

Samuel Calvet
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b-tagging

+ Use long lifetime of b-quarks to improve the

sensitivity
Jet
Decay lifetime ondary 2 |
vertex — 80"
Primar - i
vertex 1P o 70
O |
= 60
: w
+ Neural Network using = 50
()] :
outputs from other taggers: & 4 p,>30and fn| <1.1
» Jet Lifetime Impact Parameter 40 4 p,>15and [n| < 2.5
1 1 PR T T TS N N TN TN T A T SN YT S S A N M
» Counting Signed Impact Parameter 0 2 4 6 8 10
» Secondary Vertex Tagger Fake Rate (%)
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Multivariate techniques: Decision Tree

¢+ Use a set of discriminant
variables, and train a DT
on signhal and background
¥ __ samples

»+ At each node, algorithm
chooses the best variable,
and the best cut to apply

* At the end: leaves

» When there is too few events
(<~100)

» Purity is high enough

¢ |n the analysis,
discriminant output=purity
of the leave

Samuel Calvet Search for light Higgs boson at DG 16



W Boosted Decision Tree

+ Goal: want to get back the signal events falling in
“background-like” leaves

+ |ldea:
» a) Train one tree
» b) Boost the weights of misclassified events
» C) Re-train the tree

+ |terate N times...
+ ...and combine the N trees
in 1 output

Samuel Calvet Search for light Higgs boson at D@
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Matrix element discriminant

+ Build a discriminant using LO matrix element (ME)

dohs,ii (Y
d"(‘i) = Z/d’? filar, @*)dar x f(g2,Q%)dga X }(jg{(y)
i,
Observed State at

state parton level

Differential cross-sectign
to observe the state x
from the parton level state y

X W(’F: 37) X (_)Parton<g)

Samuel Calvet Search for light Higgs boson at DG
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Matrix element discriminant

+ Build a discriminant using LO matrix element (ME)
Parton level cuts

pdf ME (to avoid singularities)
7 N N7 A N\ r A \
=) — = 2 2 dahs,ij(?ﬂ o
dO’(.ﬁ;) - Z dy fi(QIaQ )d(h X fj(QQaQ )dQQ X d;rf X W(-Tay) X G)Parton(g)
i,J \ V)
Observed State at Detectofrresponse
state parton level (transfer function)

Differential cross-sectign
to observe the state x
from the parton level state y
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Matrix element discriminant

+ Build a discriminant using LO matrix element (ME)
Parton level cuts

pdf ME (to avoid singularities)
7 I N7 A N\ r A \
=) — = 2 2 dahs,ij(g) o
dO’(i;) - Z dy fi(QIaQ )d(h X fj(QQaQ )dQQ X d;rf X W(Tay) X G)Parton(g)
hJ \ J
Observed State at Detectofresponse
state parton level (transfer function)

+ —Probability density functions P(x): P _(X), P, .(X)
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Matrix element discriminant

+ Build a discriminant using LO matrix element (ME)
Parton level cuts

pdf |V|E (to avoid singularities)
A
d 15,2
dff(-’i) = Z/dg fila1,Q%)dgr x fi(g2,Q%)dgz x mdi( 9) x W(Z, §) X Oparton(Y)
Observéd State at Detector response
state parton level (transfer function)

+ —Probability density functions P(X): P___(X), P, .(X)

Psignal(?)
I:’signal(y) + Pbckgrd (?)

relative probability for an event to come from signal or background

+ Discriminant :|D(X)=

Samuel Calvet Search for light Higgs boson at D@ 21



Matrix element discriminant

+ Build a discriminant using LO matrix element (ME)
Parton level cuts

pdf ME (to avoid singularities)
=) — = g 2 2 o dahs,ij(?ﬂ\ o ! A
d()'(’;) — Z/dy fi(QIaQ )d(h X fj(QQaQ )dQQ X dg X W(Tay) X (_)Parton(g)
i,J \ V)

Observed State at Detectofrresponse
state parton level (transfer function)

+ —Probability density functions P(X): P__ (X), (%)

Psignal(?)

+ Discriminant :|D(X)

B I:’signal(Y) + (?)

relative probability for an event to come from signal or background

¢+ Need huge CPU power
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W(-lv)H(-bb)

Samuel Calvet

Search for light Higgs boson at DG
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W(-Iv)H(-bb)

¢+ Clear signature:

» |Isolated lepton
¢ eoru

» MET

» 2 b-quarks

Samuel Calvet

Search for light Higgs boson at D@
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W(-Iv)H(-bb)

¢+ Clear signature:

» |Isolated lepton
¢ eoru

» MET

» 2 b-quarks

w Run Il Integrated Luminosity
6.5

sity (/fb)

//
// + Analysis uses
/r 2.7 fb! of data,
- divided into 2 parts :

Lumino:

» Runlla (~1.1 fb1)

» Run llb (~1.6 fb?)

T

—

Samuel Calvet
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Instrumental background

+ Instrumental background (multijet events):
» Jet can fake an isolated electron

» Estimated from the data:

+ Probability for a lepton coming from a jet to be seen as
Isolated

» u from a semi-leptonic heavy quark decay appears as isolated

Samuel Calvet Search for light Higgs boson at DG
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Selection

¢ e channel

» Exactly one isolated electron :
o pT>15 GeV, |n_|<1.5 0or 1.5<]|n_|<2.5

» MET>20 GeV (25 GeV if 1.5<|n|)

¢+ u channel
» Exactly one isolated u :
+ pT>15 GeV, |n [<2.0

» MET>20 GeV

+ Both channels :
» Divide the analysis into 2 parts
depending whether there are 2 or 3 jets (pT>20 GeV)
» 3 pT(jet) > 60 (90) GeV in the 2 (3) jet sample
» Cut against multijet background: M. "“>40-0.5xMET

+ M. W transverse mass

Samuel Calvet Search for light Higgs boson at DG
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Good agreement after selection

7] .
"d:'; [ L=271fb" W+ 2jets
> 5000~ D9 Preliminary ® Data
Ll 2 [ W +jets
L - multijet
4000 Egﬁ ]
i Whb
i B other
3000 :
- 2 jet sample
2000
1000f
0

40 60 80 100 120 140
W Transverse Mass (GeV)

Mutijet background
at low transverse mass

2]

e
c
o
>

w

E _ -1 W + 2jets

7000 L=27 fb_ _ + 2]
D@ Preliminary ® Data

N L IW +jets
6000:_ B nuttijet

C I3
5000 O wbb

C Bl other
4000—
30001 2 jet sample
2000
1000

0 50 100 150 200 250 300 350 400
DiJet Mass (GeV)

Electron & Muon
channels merged
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b-tagging

+ Use long lifetime of b-quarks to improve the sensitivity

o |
';: 80_—
¢+ Form 2 exclusive samples: o 705_
» 2 loose b-tagged jets .g }
» 1 tight and 0 loose b-tagged jet &£ 60
=
= 50
- 4 p.>30and n| < 1.1
0 40/ | T
s pr>15and | < 2.5

L o
0 2 4 6 8 10
Samuel Calvet Search for light Higgs bosor Fake Rate (%)




‘Good agreement after b-tagging

Events

Events
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Multivariate techniques (1)

+ Matrix-element based discriminant (for the 2-jet sample)

. o do—hs,if' Y -
— Z/dy [fi(QIvQQ)dQI X fj(QQvQQ)dQQ X d?}{(J) X W(iﬂ,’y) X @Parton(m
i,J

- relative probability for an event to come from WH decay or

background
o - . @ 10°F .
c - L=271fb" W + 2jets / 1b-tag T E L=27fb" W + 2jets / 2b-tag
2 .. D@ Preliminary ® Data 2 - D@ Preliminary ® Data
w 10 3 [JW +jets (7 i [ W +jets
- M multijet 10° = M muttijet
- I3 . . . - [ I
10° @ws | ME discriminant | ¢ Ewics
: W other . \ B other
. OJwH x 10 (2 JetS) 10°E CwH x 10
2 . C
el « 1 tight b-tag -
ol 2 loose b-tag —»
: WH
02 0 02 04 06 08 1 1.2 0 2 0 02 04 06 08 1 1.2

ME discriminant 51 |ight Higgs bosor ME discriminant



Multivariate techniques (2)

+ |Increase the sensitivity in the 2-jet sample with a
neural network (NN) using as inputs:
» Matrix element discriminant
» pT's, AR, A, invariant mass of the 2 leading jets
» pT of the dijet system

+ 8 trained NN's: electron/muon X 1-/2- tags samples X Runlla/Runlib
- Gain of 20% of sensitivity wrt M(jetl, jet2) only

7] C 7]
© 4000 | = 2.7 fb W + 2jets c | L=27fb" W + 2jets / 1b-tag
:>13 005 D@ Preliminary ® Data :>; 10t pg Preliminary o bata
500 (W +jets B W +jets
- Bl muttijet 10° B B mutiijet
- Eweb - Ewsb
2500 ] , i B other
C 10°E COwH x 10
- NN output :
2000 C
1500 < ]If)l’;e-ﬁijtggt 10F
s I -tag - :
1000 g g

1E

500

02 0 02 04 06 08 1 1.2 1002 0 02 04 06 08 1 1.2




Systematics uncertainties

+ Main uncertainties
» Cross sections: 11-20%
» Shape of the Wjj dijet invariant mass: 10%
» Shape of the Wbb dijet invariant mass: 5-10%
» Lepton reconstruction/identification: 5-6%
» Jet identification/calibration: 2-6%
» Jet fragmentation: 5%
» Trigger efficiencies : 3-5%
» b-tagging efficiency:
* 2-5% (per heavy quark jet)
* 25% (per light quark jet)

Samuel Calvet Search for light Higgs boson at DG
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W Results

+ No excess of events observed —» set limits using...
» the NN output (2-jet samples)
» di-jet invariant mass (3-jet samples)

¢ ... for the 16 individual analysis
» electron/muon X 1-/2- tags samples X Runlla/Runllb X 2/3 jets

+ ....at 95% of CL, modified frequentist CL_approach

¢ ... using the log-likelihood ratio (of Signal+Background
[S+B] vs [B] hypotheses) as test statistic

Samuel Calvet Search for light Higgs boson at DG
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Log-likelihood ratio (brief reminder)

+ @Given a set of predictions, observations and
systematic uncertainties

» We use a x?-test to describe how well the B (resp. S+B)
hypothesis fits the data/pseudo-data samples

2 D’
Q,:—QLOQ szn )

(NULL}D)

szn

» Q'=~0 - not sensitive
> |Q'| >>1 - very sensitive

» = Give a feeling of exclusion/discovery power of an analysis

+ Allows to modify the predictions within the
systematics uncertainties to better fit the data
» — Reduces the impact of the systematic uncertainties

Samuel Calvet Search for light Higgs boson at DG



. Results

Log-likelihood ratio: 3
- background (B) hypothesis'
- signal + B hypothesis _ erved .

DO, L=2.7f5' @
WH—>..lybb. 2+3Jet ..............

+ 1 std. deviation

= z::::::::::::é:::::::::::::::::::::::::::::f::::::::::::::;::::::::::::::%:::::::::::::::%::::::::::::::é:::: oo o5 Ho s iz im o i i i
= : Dﬁ L—27fb : : : m,, (GeV/c?)
o : : _ S
;3 0 .- ............... 5 " .. ......... O_ lelt/SM:
10 i el L
EE?EEEIZZIZZZZZZZ:ZZZZZZZZZZZZZZIZZZZZZZZZZZZZZZZIZZIZZIZZIZZIIZIZZIZZIZEEEEE\ Observed
;;g;;;; — Observed Limit
- Expected Limit Expected

ey fei}eesaiiesseraea}escassasscasaslasntonaatannssfaareanasiannan

e ae] OLL Gl
TR w1 | exp (0bs) : 6.4 (6.7)

100 125 130 135
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\ Z(-=vv)H(—=bb)

+ Signature:

» MET (=pT of Z boson)

» 2 b-quark jets

Samuel Calvet

Search for light Higgs boson at D@
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\ Z(-=vv)H(—=bb)

+ Signature: ,@ Also sensitive to WH:
» MET (=pT of Z boson)

» Where the lepton is not
» 2 b-quark jets reconstructed/identified

‘ » Complementary with the

WH analysis

¢ x Br [pb]
—
<
N
ol

—
<
w

10'4 E- NNLO, one lepton flavour

FE —qq—>WH-— Ivbb
C —gq— ZH — libb
5 — gq— ZH — vvbb
107 =

% —ggalHAWWa‘Ivlv ‘ ‘
100 120 140 160 180 200
m, [GeV]
Samuel Calvet Search for light Higgs boson at DG
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\ Z(-=vv)H(—=bb)

m Run Il Integrated Luminosity 19 April 2002 - 15 March 2009 |

6.5

) il
/"« 2.1fb? of data,
divided into 2 parts:

5.0

ol b ?
o =)
!

el NN

g ” » Run lla
=
'g 3.0
£
£
3 25 > I .\u n I I b
2.0
1.5
1.0
— Recorded
0.5 T |
—_— .
0 e L on at DO 40




\ Z(-=>vv)H(—=bb)

¢+ Good trigger (jets+MET) modeling is crucial

+ Multijet background:
» In analysis sample:
cut: Ap(calorimetric MET, MET from tracks)</2
» Multijet background estimated from data with Ap>m/2:

Jet whose
energy
fluctuates up
- fake
Cal. MET

Ap<T/2 AP>T11/2
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Z(—»vv)H(-bb): Selection

®» & ® @

Ap(calorimetric MET, MET from tracks)<m/2
2 or 3 jets (pT>20 GeV)
Ap(jetl, jet2)<165°

MET:

» MET>50 GeV,
» MET>80-40xA¢ . (MET, jet)

Veto on e and u
-O.1<Asymmetry<0 2

10.02

Events

Signal

Multijet

~.

-0.15 -0.1 -0.05 0 0.0

s:— — Dﬁpelm ay(21fb)_

21

Samuel Calvet

A§ymmetry

As_ymmetry =

- against multijet bckgrd
— against multijet bckgrd

- against W-lv
— against multijet bckgrd

e
MET - |ZpT |
MET +|3pT,|
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Good agreement after selection

x10°

3 :_I T | Dg I I. L 2 1|fb|-1|_: >500_ LI L B B B B T T T [ T T T ] -I |-| L _11 ]
o H5E el pre ""_'"Eggy ( ) 8 - + D@ preliminary (2.1 fb™)
o - e . T = N — Data i
© 4c —H | S | g Na ZSE/c-jets E 8 B i- * Il Top ]
= 3.5F Zsjole{lf) = N 400— * Z+b/c-jets —
~ L Wab/c-jets — -~ — . -
0 C X 5 O O W+jetszl.f.) 3 1] r Z+jets(l_.f.) T
c 3 Diboson — [= r # W+b/c-jets -
o - I Mutiijet = L 300 W-ets(l.t.) T
m 25 ] —— Hx500 (115 GeV) = 11} r 'i-L' *+ Diboson ]
of Dijet - i i
= i i 200 L M ET ]
155 Invariant mass - s .
1E - =+ i
F 100 — -i ]
C _ 1 1 1 I 1 1 1 I 1 1 1 I L 1 L I 1 1 1 I 1 1 s I L ' 1 I L 1 L I 1 1 I_

0 50 100 150 200 250 300 20 40 60 80 100 120 140 160 180 200

DiJet Invariant Mass (GeV) L E; (GeV)

Analysis sample Control sample:

Same as analysis but
require one pu
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Jet

b-tagging

+ 1 tight and 1 loose b-tagged jet Decay lifetime L

ondary
vertex

Primar
vertex
> [ 1 1 I | I 1 1 I | I I 1 1 | I I 1 1 I I I 1 1 1 ﬁ
o imi 1 b 0
& 6o D9 prellm_sz:tray (2.1 fb )__ 52
8 ~ Bl Top — S’
- B Z+b/c-jets a
“! 50_— EZHetsil.:.) — 3‘
S B W-+b/c-jets ]
(7)) - Wijets(l.f.) -] :
E 40__ Diboson ] |2
[}] - I Multijet -
o r —HX10(115GeV) 7 Q
n . [
30— . — e
- Signal x10 {1 W _
L - ) -
20— -] |£ |
— — I H
- a : 4 p.>30and n| <1.1
1of- 4 240 T
- . : 4 p.>15and In| < 2.5
C 1 1 1 1 | 1 1 1 | 1 1 L | 1 1 L | 1 1 1 | 1 1
0 200 250 300
DiJet Invariant Mass (GeV) 0 2 4 6 8 10

o . Fake Rate (%)
Dijet invariant mass

after b-tagging
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Boosted decision tree

Events / 0.05

+ Build BDT for each data taking period

+ Example of used variables:

30

20

» MET, >pT

J
rA(P

min

et’

(MET, jets), Ap

—
2PT
_(MET, jets)

YeMno Ve‘ A \no

pT(jet1)>25 GeV. MET>50 GeV

ved\ 7 10

Mass>105 GeV

» Ap(jetl, jet2), AR(jetl, jet2)

» Di-jet invariant mass

||||||||||||||||

T

25

15[

10}

é [T ] [T T} b [T ] RN
DG preliminary (0.9 fb™') 7 Q 50 D@ preliminary (1.2 fb ')
— Data — S B . — Data 7]
I Top Py I Top ]
Z+b/c-jets L —4 | Z+b/c-jets
Zrjetslf) T d:) 40 Zejets(l1) |
Wab/c-jets > - Wib/c-jets
Wajets(Lf.) 1] Wejets(l.1.)
Diboson B Diboson
I Multijet —] 30 B B Multijet ]
— VHx25 (115 GeV) B —— VHx25 (115 GeV)
20 -
10 O —
| Bl 1 L I Lol.l I_ 0‘_ 1 1 4 1 1 I—I 1 I E_L L I_
0.7 0.8 0.9 1 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
DT discriminant DT discriminant
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W Results

+ Main systematics:
» Cross-sections: 6% (signal), 6-16% (background)
+ Fractions of W+bb/cc in W+jets: 50%
» Lumi: 6.1%
» B-tagging: 6%
» Trigger: 5.5%
+ No excess wrt. background expectatlon — set a limit:

| H : i E E :
8 ZH~>vvbb DT, VH Slgnal S . ZH->wbbDT, VH Signal
35 : ; ; - z
= ' 1 - DQ Prellmlnary (2 1 15")-
m
}\ 30 : : :
5 6.5 T R
1 25 : ;
[=%
&
220 1) it L L L ELELEE LR PRI T L bbb i st s e e
£ 15 g
| | | Tk | . LLRg2wc
[ e S YO : LLRg 1-
I é s Observed L'm't N e s SRS N SO S e LLR. °
5 R — SauRLLLE Expected Limit “E LLRE;B
. ? i i ' i R . —LLR.,
0 E |lll| e tlll .... rllll.l.ll ........ 1 ............... l1|l|| -1 .§ BER I a5 Qi | R, I PP I R | IIIIIIIIIIIIII
105 110 115 120 125 130 135 140 14 05 110 M5 120 125 130 135 120 o Y
H

m,, (GeV)
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Z(—=Il)H(—>bb)

Samuel Calvet
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Z(~Il)H(=bb)

¢+ Clear signature

» 2 leptons (e or u)
» 2 b-quark jets

x Br [pb]

g
—
< 4
w
\I\Hlll T OTTTTT T

+ Low background...
+ ... but production rate is low ROR——

. . T —qq—ZH — libb
Run Il Integrated Luminosity \ 19 April 2002 - 15 March 2009 | -

5 gq— ZH — vvbb
10 Tg__—ggAIHaWW%II\rl\l | |
/ 100 120 140 160 180 200
/ m, [GeV]

-
J// + 4.2 fb -1 of data,
divided into 2 parts:

/7
ﬁ% 18 » Run lla
P

minosity (/fb)

[
L FiR},Jﬁq » Run lIb
_////
PAmulE="

= .0n at DO 48



Z(-ll)H(—=bb): Selection

¢ >2 jets (pT1>20, pT2>15 GeV)

+ Electron channel:
» 2 electrons, pT>15 GeV
o |n,.l<1.1orl.5<|n,|<2.5

- Shower shape criteria
- Matched to a track
+ Oringap:1.1<|n|<1.5
- Tau NN inspired criteria
» Di-electron mass: 70<M<110 GeV

Samuel Calvet Search for light Higgs boson at DG
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Z(-ll)H(—=bb): Selection

¢ >2 jets (pT1>20, pT2>15 GeV)

+ Electron channel:
» 2 electrons, pT>15 GeV
o |n,.l<1.1orl.5<|n,|<2.5

- Shower shape criteria
- Matched to a track

+ Oringap:1.1<|n,|<1.5 In a cone centered
- Tau NN inspired criteria ontjh&muon
» Di-electron mass: 70<M<1 7 _ R
+« Muon channel: ISOlatiOIl:Zthracks+ ZET(CeIIS in calo.)

» 2 muons, pT>10 GeV PT rion
+ |solation Mul*Isolation Mu2 < 0.03

» Or 1 muon (pT>10 GeV) + 1 track (pT>20 GeV)
+ |solation Mu*Isolation track < 0.01

» Di-muon mass: 70<M<130 GeV, opposite sign

Samuel Calvet Search for light Higgs boson at D@ 50



Z(=ll)H(—=bb): instrumental background

¢ >2 jets (pT1>20, pT2>15 GeV) Estimated from data

+ Electron channel:
» 2 electrons, pT>15 GeV
o |n,.l<1.1orl.5<|n,|<2.5

- Shower shape criteria
- Matched to a track

+ Oringap:1.1<|n|<1.5
- Tau NN inspired criteria

Electron channel:
» Same sign electrons
» Invert the shower shape
criteria
» Invert the NN criteria

» Di-electron mass: 70<M<110 G Muon channel:
¢+ Muon channel: » Invert the isolation cut
» 2 muons, pT>10 GeV » Track and Mu with same
+ |solation Mul*Isolation Mu2 -« sign

» Or 1 muon (pT>10 GeV) + 1 track (pT>20 GeV)
+ |solation Mu*Isolation track < 0.01
» Di-muon mass: 70<M<130 GeV, opposite sign
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Good agreement after selection

—— Data —— Data
& 3500 D@ Run Il Preliminary (3.1 ft5") Z+jets £ sl DO Run Il Preliminary (3.1 fb') Z+jets
P C Z+HF P B Z+HF
§ 3000 Il Top 5 - | Il Top
" - f I Diboson W 400~ 1 I Diboson
2500 Multijet r Multijet
— . 300 i
- e channel: - e channel:
1500 . . B i - .
- 2 e in calorimeter 200~ k 1 e in calorimeter
1000 A - . + 1 ejin gap
— A 100 — -l+ i
500 Laaaa, . s )
:AAAAA ﬁ—___ :“ A :AAA.:‘AAAii_ T, A‘AAA:TAfAll‘*AMAiA
0720 40 60 80 100 120 140 160 180 Haa 0o "20 40 60 80 100 120 140 160 180 200
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Di- epton —— pata
= " [ - - = Z+je‘ts
£ E P D@ Run Il Preliminary (4.2 fis")
E 2200:_ D@ Run Il Preliminary (3.1 fh I nva rl a nt m a SS 7. HF
(2] — —
2 fzggE W 10p S 350 | -T9p
= = A I Diboson Yk it I Diboson
16005 Multijet = ' Multijet
1400:— 250 |
1200 i - T
1000~ « u channel 200 i u channel:
800 2 U 150 1 u + 1jtrack
600 = X 100 - 4 f;
400~ N I 50; 4 1
200 :_ AAAAAA ‘A E ‘_:i__—— ———__;AiA AA
Ei ., e TEETNRRR oL Lol matAaAAL A
003630 60 80 100 120 140 160 T80 00 OF--36""3050 50100 120 140 160 105 300
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(o]
o
T

B-tagging, KF, BDT

~J
o
L

¢+ Form 2 exclusive samples:
» 2 loose b-tagged jets
» 1 tight and 0 loose b-tagged jet

o
o

50"

b-jet Efficiency (%)

- pT>3Oand <11

40 o p>15 and n| <25

« Kinematic fitting 0 2 4 Faskenaaﬁ:c(%

» Allow energies and angles to fluctuate according to the
detector resolution -» minimize the x? under the constraints:

+ Di-lepton mass: M, = I,

+ Momentum in the transverse plan of HZ system: 0 £ 7 GeV

+ Boosted Decision Tree for each b-tagged sample:
+ pT, n, invariant mass of the jets
* An(jetl, jet2), Ap(jetl, jet2), ...
* AR(lepl, lep2), Ap(lepl, lep2), ...
* Spin correlations, ...
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After multivariate discriminants

Events / Bin

D@ Run Il Preliminary (3.1 fb')

e channel:
2 e in calorimeter

—— data
Z+jets
Z+HF

Il Top

I Diboson
Multijet

Events / Bin

20

IIIIIIIII|IIII|II

15

10

S
0 |
. "
= |
S, i
Y
N

e

— ZH X 100

0 05 06 07 08 09
BDT Output
- oo _— BDT output
P 2 b-tagged sample
& g \ Multijet i
40 :— +_ — 7ZH X 100
3°§ u channel:
20(T 2 u
105— | H_* ey
- ++ __________ _

—— el W 2
0 01 02 03 04 05 06 07 08 09

BDT Output

IIIII|IIII|IIII|IIII|IIII|III
R S

T

D@ Run Il Preliminary (3.1 b

e channel:
1 e in calorimeter
+ 1 eingap

A
—, z —

P

—— data
Z+jets
Z+HF

Bl Top

I Diboson
Multijet

—— ZH X 100

1 i by Lo 4 ! 1
.1 02 03 04 05 06 0.7 038 0.9

o

BDT Output

1

IlIIIIIlIIIiIII]

DO Run Il Preliminary (4.2 fo')

—— data
Z+jets
Z+HF

Bl Top

B Diboson
Multijet

— ZH X 100

u channel:
lu+1 track

©

> ,/Y“,l /.ll . || e q |
03 04 05 06 0.7 08 09
BDT Output

Samuel Calvet

Search for light Higgs boson at D@




Results

+ Main systematics:
» Cross-sections
« Z+jets: 10%
« Z+bb/cc: 30%
» Lumi: 6.1%
» Multijet background: 20%(ee)-50%/(pu)

+ No excess wrt. background expectation - set a limit:

LLR; 2-c
510 = Obsenved Umit DR o S A N DQ..R...L.l.n...l.!..I?.rgl!.m!na.r.y.(4...2.!!9..) ...............  LLRg1-c
T o 1 Expected Limit - - Y H : : 5 LLR
T [ W Epecedito . - - A T . 5
= Ex d +2-
& i i i T e e — Y menLLRg g
= e \ — LLRgs
N o “s‘“‘ ............... i
T S “|I‘ £ 2 1 I _ NS ——
&
B’ 10 ’ ..................................................
E e S N I
LR ey SO
A
1
[ i i i - R ] S N S——— H—— STV SO SRS SRS
100 105 110 115 120 125 130 135 140 145 150 100 105 110 115 120 125 130 135 140 145 150
m, (GeV) m,, (GeV)
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Combination

95% CL Limit / SM

N SM H1ggs Combmatmn.__....i ................ ..... — ..Qbs,e,ryed L;mlt

Standard Model =1. 0

100 110 120 130 140 150 160 170 1 190 200

| D@ - Moriond 2009 |“‘” e

Exp. (obs.) @115 GeV:
DG: 3.6 (3.7) xSM
CDF: 3.2 (3.8) xSM

CDF Run II Preliminary, 1.=2.0-3.0 fb!

00 LEP Limit

----- Expected
Observed
tlc
2o

_

JI'I.I1I.IEIF_'| 15, "[IJEI

IOU lll] I’?O 130

% 150 160 170

180 190 20C

CDF - January 2009 I"

H(Ge\ffc )

for each experiment

Close to the exclusion @~160 GeV
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Combination

Tevatron - winter 2009 L

Il Preliminary, L=0.9-4.2 fb™

R - ; ? [\\
ﬂ 145 Tevatron Run {I Preliminary % |
125 L=0.9-42 fb’ E éxpectea
10 i bserved
= March 5; 2009: - o Expected
8 —
(&
N
Te)
(o]
-4._IIII:[IIII:IIII:[IIII;IIII:IIIII.;II..I.‘I“I:[III """ I||||:l'i"'."'|"'|'" /\// H/’:“““‘“‘f“‘\\\‘\I\\%V H/‘(H‘M‘ar‘cl?‘s‘zt‘m””
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160-170 GeV exclusion
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Prospective
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Exclusion potentlal @ Tevatron

Tevatron anmosny Prolen,non ____j;{jjj_'jjjjj At the end of 2010,
o ..................... — ..................... - Tevatron should be

able to exclude Higgs
: : ; , — 95% CI
I I SN SN S .. overa large mass range

periment (fb")

[E—
—
|

ff%fffﬁfffiﬂéazzz -------------- Year2010 ------------------

-’

On tape
today
(>5 fb!)

LLuminosity / Ex

l—|—1|r111 rr11|1+t1 trrtlrr11|1r11 i e s

110120 130 140 150 160 170 1’80
Mass (GeV/c?)
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Evidence potential @ Tevatron

... or to see a evidence
Tevatron Projecti of the Higgs

LI I1I|[l1|||IIII1IIIIIIIIIIIFFIIIII-

1 e |- LA 1 1
ﬁuar 19, 2d09 : : : | : :
0.9 ; Preﬂmmary ------- ------------ s .

Probability of 3¢ Evidence

100 110 120 130 140 150 160 170 180 190 200
2
Mass (GeV/c)
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Conclusion

¢ Nice results

» WH [2.7 fb1]
» ZH-vvbb [2.1 fb!]
» ZH-lIbb [4.1 fb1]

+ Improvements underway
» Further improvements in lepton identification
» Improvements in b-tagging (e.g., b/c separation)

>

» Additional integrated luminosity [>5 fb]

+ Evidence of Higgs boson is possible
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Backup
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Combination

95% CL Limit / SM

Staildard Model = 1.6
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Exclusion limits
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H - yy, fermiophobic

I T TTTTI
Q
-
N
—y
SN
o
q
@
2,
S
o

", 3
”'l[ll<l
g

10

AV
\\\\\\\\
iy
wnt
B\ 1

v === Observed Limit
ol --o-« Expected Limit
107 — NLO prediction

BR(yy)

At
at
\\\\
awt
W

[ 1 Expected Limit+ 1o

[ Expected Limit+2 ¢
) =+ DO, 1.1 b’

i LEP

10-3II|IIIIIIIIIIIIIIIIIIIIIIIIlIIII|IIII|II
80 90 100 110 120 130 140 150

M, (GeV)

Samuel Calvet Search for light Higgs boson at DG



WH-1vbb
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