Higgs boson searches at Tevatron

» On the way of the Higgs:
® Di-bosons
® Standard Model expectations
Higgs searches introduction
_ow mass Higgs analysis
_ow mass Higgs combination
» High mass Higgs analysis
> Final Higgs searches combination
> Next step
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On the way to the Higgs: Di-bosons

Diboson final states:

» Test Standard Model production predictions

> Look for anomalous coupling
> Cross sections similar to Higgs

CDF & DO published re‘sw

New DO measurement using 1fb™




Events / 5.0 GeV/c?

On the way to the Higgs: WW

Final states: ee, py, e
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Example of variables used as input for the Matrix Element

(i) G, iy di ™ TPU leptons momenta
Likelihood ratio:
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On the way to the Higgs: WW

CDF Run Il Preliminary

jL::l..ﬁfb"
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On the way to the H|ggs LL

R |1- f I 1- 1- -|-h — CDF Run Il Preliminary . I Ldt=1.9fb"
B > 1 L [J2/Zy+jets
4 IepTonS % 1201 - ¥ Data
e -] .
2 Iep’rons and 2 v 2100 ] SRS TENS
5 I B @u -
| 77 Fit Region S osofii il il
Category | WW WZ Z7Z t DY W~ W ijets | Total | Data ERE L e
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Combining the two channels DO (2.7 fb™) signal has 5.70¢ significance
The cross section o (ZZ)=1.60+0.63(stat)’, . (syst)

Combining the two channels CDF signal has 4.40 significance
The cross section 1.470§(stat. + syst.) pb



Top Mass

Mass of the Top Quark (*Preliminary)

CDF-I di- 167.4+10.3+ 4.9
DO-! di- : 168.4+12.3+ 3.6
‘CDF-Il di- B | 171.2+2.7+2.9
'DO-Il i T 1747429124
CDF-1 I4] 1761451453
DO-1 14 T 1801£3.9+36
CDF-Il 14 B 172.1+ 0.9+ 1.3
DO-I 4] B 173.7+ 0.8+ 1.6
CDF- all- 186.0410.04 5.7
'CDF-ll all N 174.8+1.7+1.9
'CDF-l trk ’ 175.3+ 6.2+ 3.0
“Tevatron March’09 i 1731+ 0.6+ 1.1
| | | | x2/dof =i 6.3/10.0 (79%)
150 160 170 180 190 200

m,, (GeV/c?)

Use up to 3.6 fb™ of data
CDF and DO combined:
M =173.1£0.6(stat)+1.1(syst)GeV/c’
Total uncertainty 1.3 GeV/c" -->
relative precision of 0.75%

i CDF Top Mass Uncertainty

(all channels combined)
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Scale A(stat) /L, Fix A(syst)
(assumes no improvements)
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W Boson Mass

Latest results DO: CDF Run 0/l ——e——  80.436 + 0.081
MW 80401iOO44 GeV DO Run | ——&—— 80.478 + 0.083

CDF Run 1 —a— 80.413 £ 0.048

CDF has in progress the analysis on
2.4fb™ the expected statistical error
iS ~15 Me\/ LEP2 average e B0.376 +0.033

Tevatron Run-0/1/11 —e— B80.432 £ 0.039

| T T — T World average (prel) 84 80.399 + 0.025
— ®m D@ Run 1a (e) Single Experiment Sensitivity
250 DO Run Il m, (prel.) —a— 80.401+£0.044
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Cornering the Higgs
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Direct Higgs searches @ Tevatron

Cross section (pb)

| Excluded by

Production |
gg—H ;

Branching ratic

100

120 140 160 180 200

oo a 160 180
my (GeVicd) m,¥ (GeVic)

Low Mass: M <135 GeV/c®  High Mass: M >135 GeV/c*




Analysis Tools: Lepton Identification

» Identify the decay of W/Z
v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calor'ime‘re;* cluster

» Expand lepton coverage: |
v interplay between sub-detectors
to cover holes i Sar by
v include forward detectors E ~CMUP

“ CMX
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Analysis Tools: Lepton Identification

» Identify the decay of W/Z

v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calorimeter cluster

» Expand lepton coverage:

B————= ISR b i - T

v interplay between sub-detectors % 5.;4.;#

to cover holes
v include forward detectors

- T o
s 2y -y

4 __---_F:gﬁ!“._'._ :
e L hie
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Analysis Tools: Lepton Identification

» Identify the decay of W/Z
v electrons: tracks matched to ECAL
v muons: tracks matched to muon chambers
v taus: tracks matched to calorimeter cluster
> Expand lepton coverage: Eh%;*;;—‘
v interplay between sub-detectors % oo o

to cover holes § et s emnr —om

v include forward detectors SRR .

> 6ood Missing E_ (MET) trigger: | = == o om0

v select events with neutrinosand | 0 i —oes

charged lepton that fail ID T “"’# \
v remove events with fake MET %455 550 01"

BALI
=K

12



Analysis Tools: b-jet identification

st > B-tagging:

Dlagagesl k) vexploit long lifetime of
Hecay "feETe - %acundaw vertex b-hadrons
_— v Suppress light flavor background
> o v Improves S/B
Prompt tracks » Various algorithms used by CDF/DO
] v Identify displaced vertex
Oy Exploit multiple feature of b-jets
s v Probability that tracks come from
i Q | primary vertex
will s s v b.-’rag.ging .efficiency: 40-70%
o » D-jet invariant mass

20 40 B0 80 100 120 140 160 180 200
Jet Et (GeV)

13



Analysis Tools: Multivariate techniques

» Maximize discriminating power using global kinematics of
signal and background
v Machine learning techniques: Neural Network and Boost
Decision Tree (BDT)
v For each event calculate the probability to come from signal
from LO Matrix Element

» Multivariate techniques help to improve sensitivity

» Used already in many many analysis

14



Reminder: Limit Plots

95% CL Upper Limit/SM
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Low Mass Higgs searches
Low Mass: M <135 GeV/c?

T

Dominant production
mechanism: gg->H

310 ';
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Dominant decay mode:
H->bb-bar
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Low Mass Higgs searches

Decay channels
» Look for as many final states as possible with #— b b, highest BR
> gg-> H—-bb dominant production mode not available right now

due TO baCkgr.ound- CDF Run Il Preliminary JL 11"
H——)bb """"" Se,nSl‘l'lVlTy """" ﬁﬁﬁﬁgfﬁﬁﬁ """""" Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁéfﬁﬁﬁﬁﬁﬁﬁﬁff

These data are collected
with b-tag trigger designed
and implemented by "us”

Trigger algorithms | e(H — bb) | e(p — bb) | e(Z — bb)

Vertex b-tag 13% 11% 4% : : :

Muon B-tag 5% &% 2% | StandardMode -
i..i..i...l..|..i...l...|...|..'...l...l.. ....... 1...I...I...I...I.. ...I...I...I...I... ..I...I...I...I... ..I...I...I...I... ..I...I...I...i.. ..i..l...i..i.. et

Higgs Mass (GeV)

Useful for Z->bb, b-jet energy study
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Low Mass Higgs searches cont'd

» Look for VH and ZH associated production:
® Higgs decays in two high pT b-jets
® |eptonic decays of W/Z reduce QCD background and allow
easy trigger strategy

|
L
>M ; >zwﬂ | >,.M
< <
b b

» Reconstruct also H->yy and H->1T with gluon-gluon fusion,
associated production and Vector Boson Fusion

18



Low Mass Higgs: Strategy

» Efficient trigger to keep most of potential Higgs candidates
high pt charged leptons: e p to select W/Z
missing Et+jets to select HZ, Z->vv or HW W->lv (I not identified)
lepton+track for 1T modes

» Increase signal yields
increase lepton acceptance improving e/p ID
more efficient b-tag algorithms
better understanding of calorimeter response

> Look for a resonance in dijets mass
large backgrounds with large uncertainties
use multivariate techniques to separate signhal from background

19



Low Mass Higgs: ZH = (*("bb, [ =e,p1
Signature: 2 high Pt leptons and 2+ b-jets
Trigger Path: single lepton

CDF: 2.7 fb™ DO: 3.1 -

4.2 fb"

Major backgrounds: Z + jets/heavy flavors, top, di-bosons

Small 0xBR ~ 1 event/fb™

D@ Run Il Preliminary (3.1 fb'1)

Events / Bin
[\%]
=
o
S

P

N

(=3

(=)
IIIIIIIIIIIlIIIlIII|III|III|III|III|III|III|II

A

40 60 80
M, [GeV]

Aa
100 120 140 160 180 200

—— Data
Z+jets
L Z+HF
Il Top
I Diboson
Multijet

10

Important to increase acceptance

e Data
[]Z—ee
- ] Z— ee+bb,cc
3 Bz
F [ Z— putbb,ce
[(JZ-m=

‘\I\I\\\\I\Illlllllllllll
CDF Run Il Preliminary (2.7 fb'1) 1

B z-> v
B wwwz.zz
- Fakes
I

= ZH(m,=115 GeV) x 100

160

180 22’00
m,, (GeVi/c")
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Number of Events

Low Mass Higgs: ZH = (T ("bb, [ =e,p1

Use multivariate techniques to improve S/B

CDF Run Il Preliminary (2.7 fb™) —
T 2 I
459 double T tag (high) ~ * data B 2 [z £ ®oF DG Fun I Prefiminary (3.1 18] | gy zzlj?
44 —zHx1s W =% [z FE = B Top
) [ fakes g 50 :
M, =120Gevid  OWZ gz, Hmibses - I Dibeson
35 ! Eww [z uncertainty i Mulzij=t
3 " HEE FH X 100
25 : ZH signal
| *k 100
2 L x
15 4ZHX15 20
1 . 10
05 —

0 01 02 03 04 05 06 07 08 09 1
10% Slice Along the Z+Jets vs. ZH Axis
Analysis
115
CDF ME
CDF NN
DO BDT

@ 01 0.2 0.3 04 05 06 07 08 0.8

BODT Output

Lumi Expected Observed

fb" limit limit
2.7 12.3 7.8
2.7 9.9 7.1
3.1 8 9.1
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Low Mass Higgs: WH — (vbb, { = e, i
Signature: 1 high Pt lepton large MET and 2+ b-jets

Trigger path: single lepton
CDF and DO : 2.7 fb™
Major backgrounds: W+bb-jets, top, multijets

“Large" oxBR ~ 3-4 event/fb"

CDF Run Il Preliminary 2.7 fo”

o — o3 — WHbotts
- 905 L =271fb" W + 2jets / 2b-tag "ac: 2405_ ] winza::
L so D@ Preliminary ® Data S 220 =Top
L - [ W + jets .,LE 200:— Diboson
- .. = Z+jets
70— Bl muttijet o C B Non-W
- I o 180:_ —— WH (120 GeV) (x 50)
60— I:'WbTD 'g 160:_ —s— Data
E -other = C
50 CJwH x 10 Zz 140
- 120
40— -
- 100
30 30:_
201 60
10 i
50 100 150 200 250 300 350 400 0 20 40 80 80 100 120 140 ieo
DiJet Mass (GeV) Transverse Mass

22



Low Mass Higgs: WH — (vbb, { = e, i

Multivariate techniques to improve S/B:
DO: NN

CD F: NEA T: B DT+NN+ME CDF Run Il Preliminary, L = 2.7 fb'

——— WH (m =115 Gev) {x 10)
W+bb

"g' > 2-Tag
w 100 g 102
= - L=27fb" W + 2jets / 2b-tag al +
4 [ DO Preliminary e Data .
"' gof- W + jets 1u:'i'Jr it .
L B muttijet = -_*—.l ﬁ T i
I3 - H‘J‘U *
- [ wob 1 i}
60— B other M

1021
20 i
B 10°

B W+cT, Wee
. v

Top

Other

—— Data

- L
i CJwH x 10 -
i ) 10"
40 :

llllllllll L

et "lhmjg
- w
N 5
1= §3
21 B
a
&
2
S
IIII|Il l |II|||

2 b-tag NN output
Analysis  Lumi Expected Observed
M=o fpt imit limit
CDF NEAT 2.7 4.8 5.6
DO NN+ME 2.7 6.4 6.7

-0.2 (4] 0.2 0.4 0.6 0.8 1 1.2 0 0.1 0.2 D3

6 0.7 0.8 D9 1

NN Output
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Low Mass Higgs: VH —E1bb
Signal acceptance ZH->vvbb and WH->}vbb (I missed)
Signature: large MET and 2+ b-jets
Trigger Path: MET
CDF and DO : 2.1 fb”
Major backgrounds: QCD with fake MET ,W/Z+bb-jets, top,diboson
Background modeled using data

Dijet Invariant Mass, CR1, ST+ST
CDF Run |l Preliminary, 2.1 fb"'

> L T T T T T | .I I. T T | T T I- T _] _
o [ D@ preliminary (2.1 fb™) - C -
G 60_ — Data - 70— -Muni' t
o - Il Top 1 - )
< Z+blc-jets ] C Bl e Fi
N 50 [ Z+jets(1f) — 60— ’ Bl 5o e
_ W-brc-jets ] - Dibosan
7)) - Wijets(lf.) - ZAW+H F,
= B Diby ] 50 C < B round
§ - — i - e
a : ? — Hx10 (115 GeV) : Aol
0 : . : Control Region
: - Signal Region: so-
20— —_— — C
L o0
L - Z
10— = C
C — 10
0 200 250 300 oLl rh ddled
DiJet Invariant Mass (GeV) 0 100 200 300 400 500 600 700

M (GeV) 24



Low Mass Higgs: VH —HEbb

Multivariate techniques to improve S/B:
DO: BDT on double tagged sample
CDF: NN with separate training for 2 and 3 jets

| NNoutput, Signal Region, ST+ST

m TTTT I IIIIIIIIIIIIIIII I IIIIIIII l T I.I T | TTTT | T I-I ] CDF - - —1
© 50 DO preliminary (1.2 fb™)- 50 Bun Il Preliminary, 2.1 fb;
S B — Data 7 o
C I Top ] Top Pai
ﬂ L Zblc-jets a = — i T
q:, 40 [0 2t 1) - 40 Il sro=e
> (= oo ~ Dboson
w B jets(lf) ZAH
C Diboson ] B %/ Badggeund Emer
30 I Muttijet ] 30— —— WHi1s:s
L — VH5 (115GeY) ] N i
20 o 20 “
10 - . 10 N / g 7A /
i “
0‘_ P e J__H[IIII_ D_ lllllll %—‘—Illll
0 o1 02 03 04 05 06 07 08 09 1 -1.5 -1 -05 D 0.5 I';IIN 15
e output
DT discriminant

Analysis  Lumi Expected Observed

M=I5 bt dimit limit
CDF NN 2.1 5.6 6.9
DO BDT 2.1 8.4 7.5
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95% CL LimitYSM

Low Mass Higgs Combination

CDF Run Il Preliminary, L=2.0-3.6 fb” CDF Runl Preliminarv, L=2.0-3.6 fb'1

II|IIII|I\\I|\\1II‘\I\\‘I\\\l\\\l‘\\l\“ll\\ |'||||I
- ——  H-WWS8361b" Obs ——  WHsZH—jjbb 201" Obs T é ‘
103 IEEP| ----- HoWW Ssa.ﬁib" Bp  eeee- WHZHjjbb 2.0 fb” Exp LEP lelt """ Xpect ed
= . ——  H-mw20f" Obs ——  WH+ZH—bbMET 2.1 fb” Obs _ ‘
- i seeee Hom20f'EXp 00 meee- WH+ZH-bbMET 2.1 fb” Exp / : Observed
——  ZH-lbb 27 fb" Obs ——  WHohbb27fh"Obs T B R ST -+1U Expected
----- ZH-IIbb 2.7 fb”" Exp -eees WHohbb27f'Ep | ALY ‘ ‘ m—
——  H-WWOS36f"Obs | LY AN ‘ ‘ L +20 ExpectEG
7 eeees H-WW 08 3.61b™ Exp ' '
wem=  Combined Obs
----- Combined Exp E

SH=1

100110120 150 10 150 160 170 180 BT 100 110 120 130 140 150 160 170 180 190 200
H(GeVlc)

M =115 Expected limit 3.22
Observed limit 3.64
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95% CL Limit/ SM

Low Mass Higgs Combination

_....SM.nggs..C.mematmn ........................ ..... === Obseived Limit...
o Expected Limit

. ' Expected +1 o
Expeéted 22-6

M =115 Expected limit 3.80

mill Observed limit 3.60
, Standard Model- 1 O
:ffffffffffffffi?fffffffffffffff;fffffffffffffﬁiffffffffffffffffiffffffffffffffffiffffffffffffffffi?fffffffffffffff;ffffffMéiEéﬁff5f352ﬁﬁ§:

100 110 120 130 140 150 160 170 180 190 200
my, (GeV/c?)
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Low Mass Higgs Tevatron Combination

95% CL Limit/SM

10

100 110 120 130 140 150 160 170 180 190 200

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

DI | D Bveliicion
o LEP Exclusion.

- - L Expecteﬂ
——  Observed

————————————————————————————————————— e R

| MH=115
. — - Expected limit 2.4
»  Observed limit 2.5

m(GeV/c?)
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High Mass Higgs: H-ww

Signal:

O jets at LO (gg->H)

2 jets at LO (ZH/WH/VBF)

Separate in O, 1, 2+ jets bin because of different backgrounds
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High Mass Higgs:

Signal:

LO: WW, Drell Yan, W+y LO: WZ. ZZ, t1
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High Mass Higgs: H-ww

O jets:

Good use of LO ME
majority of signal gg fusion
background from WW

1 jet:
ME not so powerful
extra signhal: VH and VBF ~20%

2 jets:
1t main background
extra signal: VH and VBF ~60%

FUDF Run [ Preliminary [ £ = 3.6 fb "V [

My = 160 GeV /”
fi 1.35% = 0.21
DY =0+ 15
Wi 3ls + 35
| I+ =T L.
£ 0.7 £ 28
W +jets 113 + 27
= 92 =+ 25
Total Background 637 =+ 67
qg — H 95 + 14
Total Signal 95 £ 1.4
Data G554
oz o Jagl
F:_DF Run Il Preliminary f £ =36 ﬂ.‘l:ﬂ
My = 160 GeV /o2
Jii: 00 & 17
LY a3 L 11
W 17.6 =+ 4.0
Wz 306 X 0.52
&5 1.62 + 0.22
W +jets 14.7 =+ 4.0
[ B >1r + 0.70
~Totat Backgroomd et 23
gy — H LTS + 030
wH 1.3% =+ 018
ZH 0.693 + 0.090
\V BF 0.70 + 011
T'otal Signal 153 +  0.52
Data 165
L 5 T+ J-J
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High Mass Higgs: H-ww

Apply selection cut:

- 2 opposite sigh isolated leptons  ggososs mmsn s
. . — M, = 160 GeV/c" "
- di-lepton opening angle i
- significant MET 0
. ] ! -"-'-:::3-;'" g
Then use combinations of ME and " T ™
NN depending on jet bin - _|JF
f:“r“"""_“"'"i"" fresan’ G[:I'F-Fhmleirrl'n-'r _rl.:a.s_l:" -
0 nﬂl..s: i =§; . 2:; Tl E

NN Output 1



/'TT'__T\

i

CDF Run IT Preliminary If £ =236

Two lepTon Pt+>20 GeV My = 160 GeV /e”
T 0.0l = 0.0
No forward electrons DY 18 & 865
N J ets>1 Wz 682 + 093
A L4+ 020
No MET cut T o
Total Background 4607 802
o ce . WH .10 + 0.16
Add 5% sensmw‘ry ZH 010 = 002
Total Signal 1.38 +  (L18

Data 41 33




High Mass Higgs: Systematics

Two classes

» Rate Systematics:
vaffect only templates normalization, do not affect the shapes
vdominant theoretical cross section uncertainties, 10-30%

» Shape systematics:
v modify the shape of NN output
v Found negligible up to now

(PDF modeling, Energy scale, 3

P+ scale) 3ot i-u
| SHES M

I_l'
T 0 o4 07 003 04 o6



High Mass Higgs Combination

Latest gg->H cross section (Florian and Grazzini)
v Latest PDF MSTW2008

v NNLL QCD CDFFlu;n I Preligminaryg jL:S.be"
v NLO b-quark treatment 0 %‘3*3*‘3*‘3‘**3‘**‘333------ |
VH from hep-ph/0406152
VBF from TEV4ALHC

S NS BT 0S+8S Expected

S 08488 Observed

I ) 0S+88+ o
U [osssstao

M,=160 Expected Observed
limit limit |
O jets 2.39 2.35 T
1 jet 2.89 2
2+ jets 3.71 6.34 g Stendard Hodel__
SS +je1- 722 66 110 120 130 140
Combined 152 1.37

.....................

'|'"|'"1:"'|"'i"'|"| ; ||||||||||1||||
150 160 170 180 190 200
Higgs Mass (GeWcz)
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High Mass Higgs: H+X— 1+ missing Et

Analysis separated by lepton type: ee, py, ey
Apply minimal requirements then use NN

Sample composition input to NN NN output
Channel e e S [ DO Preliminary, L=3.04.2 ¥
. . ) ~,  ldi}=
Luminosity (fb™) 4.2 42 30 g +Dua
Z 108 13 3987 2 Mp Eglggs Signal (M, =165 GeV)
. op
Diboson 84 162 127 100F- Iiboson
tt 40 g2 13 $0f [ Wjets
) [ Z+jets
WHets 98 79 134 B [ ]Multijets
Multijets 2 1 64 ol
Total Background 332 337 4325 -
Data 336 329 4084
Signal (M =165 GeV) — e B5 035 06 065 07 075 08 085 09 095 |
. : . :

NN Ouput
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High Mass Higgs Combination

Use the same systematic of CDF, same inputs

M =165
expected limit 1.7
observed limit 1.3

: ...é[:!ilr;nmjfl.t..MEf:E ............ mrghzmg—{}hsgrmﬂmrm
QR0 Proliminary, 1304218 | -=ub Pxpecied Lk

}L"'Eqﬁéhﬂ&ﬁ:&wumhM
-~ Expecled +2-d
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Tevatron Combination

Not just a /2 factor, many systematics are correlated between

CDF and DO Tevatron Run Il Preliminary, L=0.9-4.2 b
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We exclude SM Higgs in a mass range 160-170 GeV at 95% CL
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Future Prospects: Low Mass

Includes "standard analysis" improvements:

- extended b-tag "a la top” 2XCDF Preliminary Projection, m, =115 GeV
L= ot
- better background understanding | - Sunmerzns
- more sophisticated analysis £ D '''''' — g;mzf;;';’; _________
" 5 afa o "22:berzuna ......... .
techniques §1 i Al winimprovements
& AN e T
i IS
\Q‘*\:":;:"““ =
It does not include new triggers: \\Ex;::::;—_:—--____
- more efficient MET Lo S~ T
- b-tag trigger e e
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Future Prospects: High Mass

Plan to include:

- new lepton triggers (by the summer)

- lower cut on MET (by summer)

- Tri_lep-rons (Sum CDF Run Il Preliminary [Ldt=36m"

. . (%'5 10° jon: Ba(see%{ets. data Wy
- lepton isolation (next year S oh Owejec
: = EDY-pp
- low di-lepton mass 2 1o mov..
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