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Higgs Introduction

Higgs Mechanism predicts the

existence of a new particle

Generates Fermion masses through

interaction with Higgs field

Breaks electroweak symmetry (W/Z

bosons acquire mass) through degrees

of freedom of Higgs field

We don't know exactly what the mass

(m ) of the Higgs boson is
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Direct search at LEP found excess
around 115GeV, but not statistically
significant

- M, 2114.4GeV @ 95% CL

MW and Mt constraints and indirect
constraints on M, from global EW fits
prefer a light Higgs boson:

- M, =87"___ GeV
- M, <186 GeV @ 95% CL



Low vs High Mass

y SM Higgs branching ratios (HDECAY)

Higgs production
at the Tevatron:
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H—WW?* dominant for M ,>135GeV
Tevatron definition of “High Mass”




L H—-WW?* Final States

e« “l eave no stone unturned”

 Hadron collider environment
requires that at least one W
decays leptonically

all hadronic

e+jets
m+jets
1+]ets

et |mt T+jets * Most sensitive channel is [viv
em mt m+jets
ee |em| et e+jets e We I’ecen’[ly Included Iqu

* “All leptonic” final state (Iviv) has a
small BR but provides a very clean "
signal: 2 high p_leptons and

missing E_

* “Semi leptonic” final state (Ilvgq)
has a large BR but much larger
backgrounds which are more v/q
difficult to model




@ Tevatron High Mass Program

CDF

OS-0jet 5.9 -

OS -1 jet

E: _ﬂif Jets « “Divide and conquer”

Same Sign » \We create as many sub-channels as
Trileptons (noZ) is feasible

Lrileptons (Z - 1j) » Allows us to tune our multivariate
Irileptons (£ - 2 ) discriminants on different mixes of
hadronic 7 signal and background contributions
DO

ee + pp 4+ e - 5.4 fh=1

en - 6.7 fth=4

Same Sign 5.4 fb!
frvgg 5.4 b’




@ Tevatron High Mass Program D&

CDF . . .
Di-lepton + missing E_ signature

0S-0jct 50 - 1 P g E, sig

OS -1 jet . T

0OS - 2+ jets gg — H — WW?* = (T ("vp

low My where (£ = e, 1 or T

Same Sign

T — in the final states eTe™
Irileptons (noZ) ’

Trileptons [;Z - 1) ety F and u ﬁ—
Trileptons (Z - 2-+j)

hadronic = Includes contributions from
DO vector boson fusion (VBF) and
ee + 1 + e - 5.4 H—1 associated production (VH).

en - 0.7 fh—1
Same Sign 54 fb’!
i 5.4 b’




Tevatron High Mass Program DO

CDF Same Sign Lepton and Trilepton
OS-0jet 5.9 - 1 channels from associated production
OS -1 jet

OS - 2+ jets
low My

Same sign
lepton

Same Sign

Trileptons (noZ)
Trileptons (Z - 1j)
Trileptons (Z - 2-7)

Trilepton

hadronic 7

DO

ee + pp 4+ ep - 5.4 fh=1

e - 6.7 fh=1

Same Sign 54 fb’!

tvyy 5.4 fb’!




Tevatron High Mass Program D9

CDF

OS-0jet 5.9 -
OS -1 jet

OS - 2+ jets

low My

Same Sign

Tau and semi-leptonic channels

Hadronically decaying tau:
H—WW — vty

Trileptons (noZ)
Trileptons (Z - 1j)
Trileptons (Z - 2-j)

| hadronic 7 |

DO

Semi-leptonic final state:

H— WW — (vj]

ee + pp 4+ ep - 5.4 fh=1

ep - 6.7 fh=1

Same Sign 5.4 fb!

| (vjg 54fb! |




Di-lepton + missing E_ signature

g9 — H = WW* = [T["vp




Backgrounds

Dominant background is from  Z1°Epi pgs4m! S pda et
Drell-Yan (Z—ll)andcanbe & | | — Signal
. = i +jets
suppressed by cutting on = 107 SIDiboson
. . I W+jets
missing E_ £ — Multijet
o Ltt
<

Dibosons (mainly WW):
modeled with PYTHIA

W/Z+jets, with jet faking a
lepton: modeled with data at

CDF and ALPGEN at D 0 50 100 150 200
K (GeV)

Wy, with y faking a lepton:
BAUR at CDF, PYTHIA at DG

i tan- All cross section normalized
:[:/ti)t?]r;?'?ﬁ:g\gle top: modeled to NLO calculations



. 2 high p_isolated leptons

. Significant amount of missing E_

Event Selection

« M 216GeV to reduce background from Wy (CDF)

Take advantage of spin correlations:

Ts]

CDF Run Il Preliminary
- 0S 0 Jets

- Di-lepton pairs from signal more aligned © 10
- Di-lepton pairs from SM backgrounds %16{::
more back-to-back 2l 140F

- Main discriminant against irreducible
background from non-resonant W pair
production

- M, = 160 GeV/c’

- Signalx10

nIIIBIIISIIISIIIEIII |




@ Signal Extraction

* Very low S/VB ratios make it impossible to perform cut-
based analyses, i.e., no counting experiment

* Requires the use of Multivariate Analysis Techniques
(MVA) for signal extraction:

- Matrix Element calculation (ME), Neural Network (NN)
and Boosted Decision Trees (BDT)

- MVA optimized for each sub-channel and Higgs mass
hypothesis

- Input parameters: event topology, kinematics, ...
- MVA outputs are used as input to derive limits

e Separate analyses into sub-channels for optimization:
- CDF: by jet muiltiplicity (0, 1, 2+)
- D@: by dilepton flavor (ee, up, ep)



CDF Run Il Preliminary

[L:E,gm"

- OS 0 Jets
- M, = 160 GeV/c?

Wijels
Wy
Wi

WE

yrd
- o
Oww
— HWW =10

=T

CDF Run Il Preliminary | L-58m"
C 0S5 0 Jets Welsts

C 2 mwy

- M, = 160 GeV/c i

- WE

= 7

= oY

= [T ol
— — HWW =10
: -a Dlata

= e

— % Signalx10

0O 20 40 60 &0

100 120 140 160 180 200

p+{ly) (GeV/c)

5.9 fb' data set

® H-WW-Iviv: OS Lepton + 0 jetsD®

Further split into sub-samples with
loose and tight lepton ID

Uses likelihood ratios based on ME

calculation as additional MVA input

CDF Run I Preliminary [ £ =59 fb™"
Mz = 165 GeV/c?

tt 223 + 066
DY 227 £ 62
Www 563 -+ 56
W2 255 L 3.8
Z7 383 + 5.4
W+jets 215 -+ 51
W 155 =+ 22
Total Background 1226 =+ 120
g9 — H 16.9 —+ 3.0 |
WH 0410 * 0.070
ZH 0.416 + 0.059
VBF 0.140 + 0.028
Total Signal 17.8 =+ 3.1
Data 1230




Events / 8 GeV/c?

CDF Run Il Preliminary L 591"
- 0S 1 Jets Wolet
L M, = 160 GeV/c? =
100 " Wz
~ r
- o
= Cww
80— — HWW
= o= Dala
60|
40—
20|—
% "20 a0 & 80 100 120 140 160 180 200
E(l) (GeV)
CDF Run Il Preliminary [L=s9m"
- 0S 1 Jets Wlets
120[— Wy
- M, =160 GeV/c® Wi
- WZE
— Zz
100|— DY
- [ ] oww
[ — HWW =10
sol— + - Datla
60l
aol—
20 + Signalx10

[+} 20 40 60 80

100 120

140 160 180
M(I {Gew::;;n

5.9 fb' data set

Further split into sub-samples with

loose and tight lepton ID

Gains ~20% in signal from

H—-WW-—-lIviv: OS Lepton + 1 jetw

associated production and VBF

CDF Run II Preliminary [L£=59f"

My = 165 GeV /c*

it 56+ 11

| DY 218 &£ 49
WWw 151 =+ 18
Wz 254 =+ 3.5
27 10.3 =+ 1.5
W +jets T + 20
W 25.1 =+ 4.3
Total Background 563 + 69
gg — H 8.0 =L 2.4
WH .13 = 0.18
ZH 0.439 + 0.066
VBF 0.74 + 0.13
Total Signal 10.3 =+ 2.5
Data 533

OS5 1 Jet




5.9 fb' data set
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H—-WW-—Iviv: OS Lepton + > 2 jets DO

CDF Run Il Preliminary
- OS 2+ Jets

In order to suppress the dominant
ttbar background all events with a
tight secondary vertex b-tag are
rejected

CDF Run II Preliminary [ £ =5.9fb™"

My = 165 GeV /c?

CDF Run Il Preliminary
OS 2+ Jets
8OE M, = 160 GeV/c®

Events /15 GeV/c

8 8 § 8 8 3

Q

169 =+ 24 |
80 =+ 31
336 + 6.1
6.8 + 1.3
3.10 + 0.57
W +jets 26.7 + 75
4.4 + 1.2
Total Background 324 + 50
99 — H 26 + 1.8
2.50 + 0.35
1.28 + 0.17
1.37 + 0.23
Total Signal 78 £ 20

Signalx10

QD

Priiiz) (GeV/c)

AllSB-2JOS




Events / 8 GeV

Events / 4 GeV

H—-WW-—-Ilviv: Low MII

CDF Run Il Preliminary [L=50m"
sol OS Low M(II) Wajets
" M, = 160 GeV/c® Wy
B it
L WZ
a0|— zz
| DY
— Oww
3ol — HWW x 10
= -+ Data
20—
10—
u i
O 20 40 60 8 100 120 140 160 180 200
Hy (GeV)
CDF Run Il Preliminary [ L=som’
- 0S Low M(II) Wajsts
30F w1, = 160 GeVic? . Wy
Wt
25 =
oY
Cww
20 — HWW = 10
-« Data

17> 5L AR RARRN RARRN AR

. Lo oy 1

100 120 140 160 180 200
Sum of lepton E; and E- (GeV)

w

5.9 fb' data set

To increase signal acceptance
events that fail the M 216GeV

requirement are considered
separately

CDF Run II Preliminary [L£L=59f"

My = 165 GeV /c?

tt 0.5 £ 0.10
DY 435 £ 0.78
WWwW 13.8 =+ 1.3
WZzZ 0.371 £ 0.052
£ 0.139 £ 0.019
W -jets 16.2 =+ 3.0
W 76.8 + 7.7
Total Background 112.2 =+ 8.6
qgg — 1.00 = 0.20
Total Signal 1.00 4+ 0.20
Data 112
AlISB-lowM11



Events/ 0.05

Events/ 0.05

5:'|;I||||

Using a NN to extract a signal
Separate NNs are trained for each sub-channel and each Higgs mass point

CDF Run Il Preliminary [ L=59m"
| OS 0 Jets, High S/B Wijels
100l My, = 165 GeVic® -y
L -11
B WE
80 ZZ
- o
Cww
€0 W — HWW = 10

1 | =

[ SR

CDF Run Il Preliminary

0 2 I " 1T
-1 08 06 -04 -02

04

ID.E 0.8 1
NN Outpbut

[Lzﬁsm“

- OS 2+ Jets
- M, = 165 GeV/c’

b—?:_

WHels
Wy
i

WE

=

Cry
CQww
— HWW =10

06 08 1
NN Output

Events/ 0.05

Events/0.05

H—-WW-—Ivlv: Signal Extraction D9

CDF Run Il Preliminary [L=59m"
ask OS 1 Jet, High S/B Wojels
E M, = 165 GeV/c® Wy
40 i
35
30
25
20
15
10
5
=1 0.6 0.8 1
NN Output
CDF Run Il Preliminary [ L=591m"
20F OS low M(I1) Wajets
18F M, = 165 GeV/c? Wy
- i
16 WZ
1af- + £
- o
121 oww
10F — HWW = 10
~ == Chata
81
6F
) +
: +
o ]
o . ]

1 08 06 -04 -02 0 0.2

0.4 06 028

1

NN Output



i H —> WW — pvev

6.7 fb' data set

Spllt into sub-channels by jet multlpI|C|ty

W O10tET T LRI LU B R 3 w 10t T ™
2 = DEI Prellmmary 3 |— data Q S DEI Prellmmary 3 |— data
__E - L=67f" ] E N L=6.71b" u
L m,;_ eu + MET _; Dmm i ma: eu + MET . DM"
n . Diboson : - Diboson
E_ T |:| 1u2|§— ?: |:|
10°E [E lwfjm = - .wfjm
10 Zl_ __ [quuum “"E_ _§' |:|Mullijut
= || ‘ -
E l""“” 1 Iubar
‘ — sy — e
20 40 60 B0 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
M., (GeV) E; (GeV)
Data |Signal | Total Background |Z — ee|Z — ppu|Z — 77| tt |W + jets| WW |W Z | Z Z | Multi-jet
0 jets |2662| 13.2 2838+224 8.9 172.2 || 1318 | 10.8 || 684.2 | [447.0[16.5[2.2| 177.8

ljet |1164| 7.9 1132491 4.8 40.6 | 585.5 |107.6| 147.6 |99.0 |6.5 |1.6| 138.4
= 2 jets| 636 | 4.8 50458 2.3 14.4 162.8 [300.6] 38.1 21.9 | 2.7 |1.4] 49.2




Events / 10 GeV

Events /0.2 rad

10°2) DO 5.4 fb!
10° 3
10°F
10%
107 L
IEE—
S
0 50 100 150 200
Dilepton Mass (GeV)
[ h) DO 5.4 fly!
10°:
lﬂ! o """"""
105
_..||I||||I||| L1
0 0.5 1 1.5 2

H—- WW — Iviv

Data

Z+jets

Diboson

Wjets

Multijet

~1Bkgd. syst.
— Signal

5.4 fb™' data set

Separate sub-channels for
ee and pu final states

AP(L1) (rad)

ete” Iu-"'lu-_
Preselection Final selection | Preselection Final selection

Zv* — eTe~ 274886 | 158+ 13 ] — —
Z/yt = e - - 373582
Ziv* 5 11~ 1441 0.74+0.1 2659 12.04+£0.7
tt 159 47.04+ 4.4 184 74.6 +6.8
W + jets /v 308 236 01.54+6.5
wWw 202  73.0%L64 272
Wz 137 11.54+1.0 171 21.54+2.0
VA 117 0.31+0.9 147 I=.0+1.8

Multijet 1370 1.04+0.1 408 53.8410.3

Signal (mg = 165 GeV) 11.2 T24+08 12.7 0.0£1.0
Total background 278620 423+ 19 377659 1625+ 41
Data || 278277 121 | 384083 1613
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Separately trained MVAs for ee, pu and pe final states:
- Different instrumental backgrounds
- Different lepton momentum resolutions

- Different backgrounds
MVAs:

-H—> WW — Ivlv: NN
-H - WW — pvev: BDT

* Data
[ Bkgd. syst.
- Signal
[ ]Z+jets
[CIDiboson
B Wjets
1 Multijet
"""" I C It

-
Q
tn
N,
=

=
&
H_
=
Y

0.6 0.8 1
NN Output

Entries

H—-WW-—Ivlv: Signal Extraction D&

aRRRRREE AR R R T T |

_ DO Preliminary & ¢ —— data
10°cL=56f" & &

; eu + MET, 0 jet 1 Dz*m
10°

107 0,86 0.88 0.9 0.920.940.960.
BOT Output

0 0.10.2 03 04 0.5 0.6 07 08 09 1
BDT Output

D Diboson
l Wjets
|:| Multijet
l tthar

Signal 10
—{MH= 165 GeV)




Same Sign Lepton and Trilepton
Channels from Associated Production

Same sign
lepton

Trilepton




@ VH-VWW: SS Lepton & Trilepton DO

# Events/10.0

Events/[5 GeV/c?

5.9fb" data set

Dominant signal contribution from VH—-VWW

Trilepton inside Z-peak (1jet)

CDF Runll L=591b"
8—ZH w/ 1 Jet Signal Region (Z-Peak) W2
- _ 2
7E m,=165 GeV/c zy
- Z+lets
6 z
o | [
5 - [ JHWW(x10)
E [ |data
a-
3=
2+
t ->
: 11 | 111 3 I | I l L m I T T—i—i
] 50 100 150 200 250 300 350 400

m{(Vector sum of all lep, jets, E-)

Trilepton inside Z-peak (2+ jets)

CDF Run Il Preliminary M, =165 GeV/c? _[ L=59fb"
B LI
4.5 = Zmmg
E Zeeg
4
E Fake
3.5 -4
= wZz
3E T —ZHx 10
25F ~ Data
2F o+
150
- {
0.5
= T I I t | | — N I
% 20 40 60 80 100 120 140 160 180 200

Dijet Invariant Mass [GeV/c?]

Events / 20 GeV

Same-sign (1+ jets)

CDF Run Il Preliminary [L:EB [y
15:—88 1+ Jets Wijets
CM,, = 160 GeV/c Wy
16— it
: 1|NZ
14f z
- DY
12 Oww
- — HWW x 10
10 -»- Data
8 | i
s
i3
n | .
* S e——
ok |# PR B e == =
0 50 00 150 200 250 300 350 400
Hr (GeV)
Trilepton outside Z-peak
CDF Run II [L=s9m
- WH Signal Region (Z-Reak Removed) Wz
3 m, =165 GeV/c? 7y
[~ ZyJets
2s)- .
- | [
21— - | T | T [ HWW(x10)
r []data
1.5
1 __r _1___ 1
o L
- B L
0.5 —I_‘
C —
Cy o el i | 1
0 50 100 150 200 250 300 350 400

m-{3 Leptons)

Trilepton channels:
Same-flavor
opposite-sign
dilepton pairs
inside Z peak

— ZH production

Same-flavor
opposite-sign
dilepton pairs
outside Z peak
— WH production



@ VH-VWW: SS Lepton & Trilepton

[L£=59f"

CDF Run II Preliminary

CDF Run II Preliminary

[L£L=59f"

My = 165 GeV /c?

My = 165 GeV /c?

tt 0.37 + 0.11 tt 0.067 + 0.030
W2z 5.35 £ 0.76 W2z 85 &£ 1.4
YA 1.30 —+ 0.18 YA 397 + 0.57
W +jets 292 4+  0.72 W-jets 5.1 + 1.3
Vet 3.13 =+ 0.62 Zy 4.14 =+ 0.85
Z peak Total Background 13.1 + 1.5 Total Background 21.8 + 2.7 .
W H 0611 + 0.084| WH 0.0280 + o0.0046 \With Z
removed Zx 0.159 + 0.022 [ZH 0203 + 0.032 k
Total Signal 0.77 + 0.11  Total Signal 0.231 + 0.035 pea
Data 11 Data 26
AllSB-trilepNoZ AllSB-trilepZ1j
NN to extract signal
CDF Run Il Preliminary [L=59m" CDF Run i [L=som®
8 2oFSS 1+ Jets = 10 | ZH Signal (Z Peak, NJet=1): M, = 165 GeV/c? Total
S of M, =165 Gevic? She o & o
-;.”w E_ Zg_amrna
2 1 S L et 4+t e
@ 1; I —WH 10
Lﬁ 16 = —ZH=10
E -+ Data
14 1D-1
12
100 10°
|
6F \
£ 0
2F = u _,_l_'—L. 105
NS ANSL Sohpns BE S AL
1 08 06 04 02 0 02 04 06 08 1 1 08 06 04 02 0 02 04 06 08 1
NN Output NN Output



NMumber of Events

L VH—-VWW: SS Lepton D

_ 5.4fb™" data set
Same si1gn

lepton Lepton charge ID important

Backgrounds from charge flip
and Multijet

ee, UUY, el sub-channels

dilepton mass in ee

D@ Run Il (5.4 fi5") Preliminary _ D@ Run Il (5.4 fb") Preliminary
C VH—EE+X, M = 160 GeWic? - data 2 - VH—FF+X, M = 160 GeVic® -+ fata
15 - ee (before track quality cuts) charge flip @ 10 __ ee (after track quality cuts) charge flip
- multijet u:"j - multijet
30 Wty - - W—lv
= Wzl - 8 Wz kIl
25 ZZ Iy 2 - -+ ZZ 1T
- + [ ]signal x20 E e [ signal x20
20 3 L
= < -
155 + ee Track oL ee
10E + %ua‘rrty—> -
5E- + + " Cuts 2
3 T4 4+t 4t -t B

=2

O 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
M(Lep1,Lep2)[GeV] M(Lep1,Lep2)[GeV]



@ VH—-VWW: SS Lepton

0 _ D@ Run Il (5.4 fl5') Preliminary D@ Run Il (5.4 f5") Preliminary
t - VHSFPX, M= 160 GeVic? —~-data @ AT X M- ts0 cevic —~— data
o 12 W (after track quality cuts) charge flip 5 22 = en [after track quality cuts) B multijet
2 - I multijet 5 20 Weslv
5 10[ Wb =  18F W wz—mn
5 C -:"Zz—l’l';'l'::h °© 16E 27—y
C — v @ E -
'E 8 - l-l |J- []signal x20 -E 14F e u [_Jsignal x20
= L
= 6 é
aF
2 I
r | | +
% 05 1 15 2 25 3 35 4 45 &5 Q-cLlCEECE e ben i 70 80 90 100
AR(Lep1,Lep2) MET [GeV]
D@ Run Il {5.4 f5") Preliminary D@ Run Il 5.4 f5") Preliminary D@ Run [ {5.4 f") Preliminary
EE“ TE  vHorea =180 Gevic! —— dals EE“ TE  vHorror M= 160 cevic? — dats g WO e M= 180 Gavie ~ data
s a6 |atter frack quality cuts) charge fip - up [aftar track qualtty cute) charge fip g - gy [afber track qualty culs) [ it sd
E [ ]=g 0 muliyst E ]y 0 ol st O 4 . Wby
- E W=k - E W=l . L B wz—hi
E 3 - ee vz =l E 5:— I ez =l E C 22—y
g F i zomm| 8 F |J~ IJ. B L] I R e l,l [ signst x20
= = [J=lgmnal £20 E = [Jelgnal x20 E -
3 - 3 C 3 u
=2 3 - = wl 1 = -
o = -
= ] = B
r - — L
| o — : ’
0 o8 06 04 02 0 02 04 06 08 A9 08 06 04 D2 0 02 04 06 08 1 Oy 08 06 04 02 0 02 04 06 08 4

BDT cutput (final) BDT cutput (final) BDT cutput {final)



Hadronic Tau
and
Semi-Leptonic Channels

H—-WW — vty

H = WW = fvjj




Events /0.1

H--WW-—-Ivt

V
had

CDF Run Il Preliminary I L dt=5.9 fb’
70{ et: signal region :i! ?gzt:H (m.=160) 59fb-1 data Set
. [ dijet, y+jet
] 1 DY-tt
60+ I Dv-bb : .
] J[ = Wjots Requires 1 to decay hadronically
50+ ke
] . WW/WZ/ZZ
] [ tt
] Two sub-channels: et & pt
30 Etau channel
20/ Main background from jets faking taus
5 Uses BDT
10
Ob 0.5 ) ‘25 3 35 4 CDF Run II Preliminary [L£ =59
ARy < mpy = 160 GeV/c?
CDF Run Il Preliminary J.Ldt= 59" dijet, 7+ Jet 9 L 27
2 102 - 7 —TT 0.8 —+ 0.4
}_,; ““““““ I — e m, = 165 GeV/c 7 00 4188 -+ 6.4
“r g Wjets 624 =+ 77
10 U ErGE ", Wy 3.3 4+ 0.4
o Diboson (WW, WZ, ZZ) 253 =+ 2.7
1 —rin tr 15.5 =+ 2.8
=:;:;wmz Total Background 726 + 82
107 e gg — H 1.08 L+ 0.10
[ total Bkg error WH 0.261 + 0.026
ZH 0.167 £ 0.017
107 VBF 0.095 + 0.011
Total Signal 1.60 =+ 0.11
10° Data 741
0.4 eT-pu7 channels

BDT output



H—WW— Ivjj

5.4fb™" data set

First look at semi-leptonic final states: |=p,e

J Split into electron and muon sub-channels
T Large branching fraction of hadronic W decays
Factor of ~6 increase in Cross Section x BR
J Large backgrounds from W+jets
Use W mass constraint to reconstruct neutrino p,
For m >160GeV possible to extract the mass
of Higgs
Channel qgp— H qgq — qqH WH | V4jets | Multijet  Top  VV Total Background — Data
Electron  112/46.3/278  21/64/42 72/0/0 | 52158 | 11453 2433 1584 67627 67627
Muon 0.5/34.7/204  1.5/44/29  57/0/0 | 47970 2720 1598 1273 H3562 53562




1t channel, Mg = 160 GeV

H—WW-—Ivjj Y

e channel, My = 160 GeV

— DU 1 C L DO 5.4 fb ! .
_ 3000: DO 5.411 (d) > 8000 DO 5.4t ©) | 4= Data
N - § R
£ 2000F < 6000 V+jets
B ! = = | M
g - “ 4000 Il Top
% 1999 - § 2000 Diboson
0 B ] N ) — Signal x 200
0 L .
angle(j1, j2) in Higgs rest frame zongmaig% GeV) 600
10* § =+ Data
Random Forest used .2 10° V+jets
. . ] C
for signal extraction <. 142§ ML
£ 1
= F op
Separately optimized LE 10 5 9113{35<311
for electron and muon 1 DO 541" — Signal,
sub-channels 10" N My = 160 GeV

0 02 04 06 08 1

RF output



& Systematic Uncertainties DO

Clontribution Shape W+jets Z+jets Top Diboson gg — H

Can affect both shape

. . Jet energy scale Y  shape only shape only 46.0 ( fii] ffg g]
anq Over.a” normallzatlon Jet identification Y  shape only shape only =+3.3 +1.3 +3.5
of final discriminant Jet resolution Y  shape only shape only Irf;g] I'i'i';'.‘] I'"_'fg]

Association of jets with PV Y  shape only shape only 3.8 +3.8 +4.8
L . Luminosty - - +6.1 +6.1 +6.1 +6.1
Uncertainties listed are Muon trigger Y +0.5 0.5 405 £025  £0.25
: : Electron identification - +4.0 +4.0 +4.0 +4.0 +4.0
relatlve Changes In Muon identification - +4.0 +4.0 +4.0 +4.0 +4.0
normalization ALPGEN tuning Y  shape only shape only - - -
Cross Section - +6.0 +6.0 +10.0 +7.0 +10.0
PDF Y (+32) (F99)  (*29)  *025 (*33)
Multijet background
Electron channel Muon channel
Multijet background Y +6.5 +26.2
200 - —+ Data
' — Signal x5 :
-E N Background subtracted data (points),
S l | lir _—1s.d. uncertainty on background (blue band)
p - —_— [
= 0T 4T ‘HT Jr++—+— M =160GeV signal x5 (red)
o _
LE |
- DO
-200—54fb1 Post ﬁtilsd

0 02 04 06 08 1
RF output



Combination & Limits
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Exclusion Limits

No significant excess of signal-like events is observed
MVA outputs used to set exclusion limits at 95% CL
Combining low mass and high mass results

— éObseréved

SM éHiggs éComeinatiorfl

10

min e s v mm il in i m s n mpim e im e i i s e s mimsm e o o

BT IP. o AT (TS

100 110 120 130 140 150 160 170 180 190 200
July 19, 2010 m,, (GeV)

95% CL Limit/SM

D@ almost achieves observed exclusion
at mH=165GeV

10

CDF Run Il Preliminary, <L> = 5.6-5.9 fb™

ot LEP Exelusion. i
- . =mmmn Expected
L Qbserved.. .

g Expected

____________________________

| " i i i i i Ll i Il I‘JIUIIYi1I9’I2?1I0| Ll

100 110 120 130 140 150 160 170 180 190 200

CDF achieved expected exclusion
atm =165GeV




& Tevatron Combination

Tevatron Run II Preliminary, <L>=59"

Z | LEPExclusion ~ Tevatron
=10 e | | | Exclusmn
E s s s s
j :::::::::::::::::::::::::%:::::i;g.ﬁigsgzsg::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
3 i . | | | | |
N
e
=)
1 r
L <—Tevatr0nExcluswn 7777777777 ‘.“{ulymzqm 77777777 |
100 110 120 130 140 150 160 170 180 190 200
H(GeV/c )

We exclude at the 95% CL the production of a SM Higgs boson
iIn the mass range of 158 to 175 GeV



Summary & Outlook

* Presented an overview of the Tevatron high
mass SM Higgs searches

- Leave no stone unturned
- Divide and conquer

» Tevatron limits shown are based on ~6fb™

[ Futu re prospects 2XCDF Preliminary Projection
10fb" by the end of Run2 %
>2.40 expected sensitivity 3, 'S
across entire mass range  § 3%
30 at 115GeV g 2"

%00 110 120 130 140 150 160 170 180 190 200

With Projected Improvements mH (GEV.’CE}



Backup



4" Generation Interpretation

@ New heavy quark generation hypothesis
» ggH coupling is 3 times bigger than SM
» 9 times larger production cross section

o dilepton+ F4 channel searches similar to SM

» Amnalyvses re-optimized for higher mp ranges

100 — - e o N I IR I P = oy R
g CDF+0 Run Il e Drata-Background = [ (c) CDF+D0 Run 11 IEi'LP- 95 C.L. L.Jm..ll“:
Z 80 | L=48-541" B 4G Signal § =48 .54t = Obs 95% CL Limif
& r [ +1 sd. Exp. Limit
LUE 60 — 1 s.d. on Background - ; 3 - — ﬂ:d Exi. Lo

40 5 — 4G (Low Mass)

20 4, & ) 4G (High Mass)

| | B — T
0 == | 1 - e &0
i ] =
20 <|~
g ] |
40 .
60 E e, 200 GeY

]—[].3—[],15—[],4—[].2”{) s T P I A N AU RPN PR U U
log,,(s/b) 120 140 160 180 200 220 240 260 280 300
111]_[((3-5-"\"]

2 18 1.6 -14 12 -

CDF-+D0 combined exclusion: 131< mpy <208 GCV;-’C.E 95% CL

(for infinite mass scenario)




H—- ZZ

Higgs production cross section

10000
e Can significantly 1000 =
contribute to: —_—
100

My €]140, 150] GeV /c? v

Myp > 180 GeV /¢?

e Can be exploited: flvv, |

F{j_} ijbb(j _}_}'bb) 100 110 120 130 _ 140 150 160 170 180 180 200
Higgs mass [GeV/c*Z]

m—gg>H ==Tot Higgs XS ==XS * BR(ZZ) ~~ XS * BR{WW)

o Large contribution to limits on Higes searches in 4% generation models

. \ D
» Higgs mass currently excluded up to 204 GeV/¢®
» For mpy > 200 GeV, H — Z 7 1s as sensitive as H — WW



® Search Channel Summary

mp— 165 GeV /c? Exp. Obs.
CDF

OS-0jet 5.9 -1 1.67  2.39
0S -1 jet 2.35 2.46
0S - 2+ jets 3.16  6.14
low My 11.2 7.21
Same Sign 1.86  5.92
Trileptons (noZ) 737 7.8
Trileptons (Z - 1j) 31.8 364
Trileptons (Z - 2 ) 9.16 10.4
hadronic 7 14.5  23.5
DO

ee + pp+ep - 5.4 fb=t  1.36 1.55
ep - 6.7 th=* 1.93 1.99
Same Sign 7.0 7.2

(vjjg 5.9 3.8




H-WW-Ilvjj
Signal Cross Sections
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