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— backgrounds
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— systematic uncertainties
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Where should we be looking?

o 6 July 2010 : mL“r,.,i._=158 GeV
Precision EWK measurements ] eo
E Olpag =
at LEP, SLLD, and Tevatron 571 i —002758:000035 i
| s 1 = 0.02749+0.00012
suggest the preferred SM 4- b e incl, low G data .
region 1s accessible by the x g 1
Tevatron .
2_ ]
. _
0 | Excluded W Preliminary-
30 100 300

m,, [GeV]

LEP Direct Search included
114 < my < 186 GeV @95% C.L.
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July 29,2010

Tevatron at Fermilab

Tevatron proton-antiproton
collider at Fermilab

\Js =1.96TeV

EWK scale processes probe
different PDF from LHC

typical average initial:
>300 x 10%° cm—2 s

record:404 x 1030 cm—2 s
~ 50 pb-! per week
long term goal is 10+ fb""

optimistically planning for
operation in 2012

Tevatron

s "7501- — "—.':'F‘-—v. T
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Tevatron at Fermilab
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integrated luminosity

* Run Il Integrated Luminosity 19 April 2002 - 18 July 2010
(5.1) /.
////
| —Delivered 7 Z
— Recorded /|
/¥
//
Results shown 4 N8-1
today up to 6.7 fb! /—-14/
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Higgs production at the Tevatron

SM Higgs production
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Higgs production at the Tevatron

135 GeV

r— T~ - M>135 GeV

bb ] )

s H—WW dominates
@ o N\ [
s m_l:- th +
E h_ cC - w
7s) " st
5_| -
0 T H

2 - - o -
g 10°7F
@

]ﬂ_s L | L e " iy M i N L L s
50 100 200 500 1000
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Higgs final state signatures

W
. .
e H->WW-—=/viv (I=e,u)
W BR(IvIv)~6%
— easy to trigger
1% — well modeled bkg
o & :
oL — 1t —(e,u) contributes
> £ +|.2 ..
3 £ 6 % e H>WW—lvjj (I=e,n)
S 3 2|8 BR(W—hadrons) ~30%
O
= — large QCD backgrounds
1 : — new DO result
o tautjets
\Q»Q\q muon+jets ’ H%WWfthw
S { electron+jets — hadronic t decay
— new CDF measurement
W decay
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Higgs final state signatures

o VH—=VWW—=[Zvi*v+X
(I=e,u)

— same charge dileptons

% " — change in backgrounds
oL
> § &2
3 B8 S 3
: 2E°
o tautjets
o | muon+jets
) electron+jets
W decay
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high mass Higgs strategy

e leptonic W decays "
— provides efficient trigger :

— multijet bkg rejection .

* missing transverse energy

* x-check bkg modeling ‘

e improved signal modeling
 maximally separate signal from background

* minimize impact of systematic uncertainties
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lepton 1dentification

% 10°- a) DO54mh’ e Data
 large transverse S 105, [JBkgd. syst.
momentum (p>15 GeV) S — Signal
: g0 [ 1Z+jets
* 1solated from other 2 10 [C1Diboson
calorimeter or track ol EIK/IV+i|tt3§st
activity %tf" e
10g
* eclectron 0 l_:_;:;_'_'i(') —T10 200
— EM Cal cluster Dilepton Mass (GeV)
— matched track % ::z"g; Pun ) Proliminery [ :jsm
° muon § 1505_MH =160 GeV/c i?
— muon chamber hits %:2:: 1o
— matched track or MIP signal @ wE
e CDF also considers track- 3 gl
based electrons and muons e i%‘vﬂ_’mq
20
ot Localloallols W i

0 20 40 60 80 100 120 140 ‘160“180
M(ll) (GeVIcE)oo
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missing transverse energy

5106?@ DR 547 e Data
* neutrinos not S 10k nggdi syst.
. S — Signa
reconstructed in L1t () Z+jets
2 10° [CIDiboson
detector 10; EWres
* need to reject mis- v %i‘f‘“‘tﬂet
105
measurement - IR
0 50 ) 100 150 200
— jet energy fluctuations Dilepton Mass (GeV) -
— tracking resolution for ~ Yagosrre -
high p; muons %:::g: ﬁ &
— underlying event g1 + :
e suppress large Drell- "
Yan background of i&%‘ﬁﬁq
2.(;;_ o e o

o
8
8
8

80 1001120\ 140 160“180
M(ll) (GeV/c?o
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events/2

T T T A
D@,5.4 ! 7| P
Preliminary 3 [

3 Z+jets
Wijets
. Multijet
‘ Top
Diboson
 |— Signal (x10)
1 L I L 1 L
60 80 100 120
Emi&sscaled
T
Erp

Eﬁcaled _
ETspec o {
July 29,2010

\/Zjets (AEIet . sin #i€t - cos Ao (jet, Er ))2

CDF
By

K1 sin(A¢(Ep ,nearest — lepton — or — jet))

missing transverse energy

electron

CDF & DO construct
discriminant using resolutions

reject contribution from Z+jets
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July 29,2010

H—WW Backgrounds

/-WW/WZ
*W+lets/y
eDrell-Yan
ott, single top
*Multijet with jet

faking lepton

S

>

/
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H—WW background

measurements

. . COF Run Il Preliminary ll o’
e Using same analysis 2™ Ww PRL 104, Ewwz'
frameworks, i B 201801 (2010) 5
measure dominant '
backgrounds
o PrOVideS v oaMt‘NElonfentEilhwdn(: ;LOF:WW)1
confirmation of both et J'L"‘;”;thz
sensitivity and MC F WZin + 2
: £ Trilepton oWz
modeling -
Bt 4t P

1 08 -06 -04 -02 O 02 04 06 08 1
NN Output
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I¥5 H—->WW background
measurements

. . E 30005_ DG, 1.1 f' —+-Data
* Using same analysis ~ £7" B Diboon gl
frameworks ) EZ(’O"E— %:i,ets
. f_ Multijet
measure dominant o
backgrounds s00f A
P . d 00 50 100 150 200 250 300
[ I'OVl eS Dijet Mass (GeV)
< > g 5! ata - Backgroun
confirmation of both =~ 8w P!™ | fowe- ek
o o e 2 200f — 1 s.d. on Background
sensitivity and MC £ o g
. M i
modeling s
0 2 Lt x? Prob = 0.45
=k e L e L
Sl 2b

| | 1 |
0 50 100 150 200 250 300
Dijet Mass (GeV)
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H—=WW—/[*v[ v Signature

-~

eleptonic W decays
eopposite charge
e]large missing
transverse energy

)

l’

/0 Kinematic Discriminants
— [l opening angle

e ] —C T —
W W ¢

\ — kinematics input MVA

\

/
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H—=WW—/[*v[ v Signature

CDF Run Il Preliminary

g I*

AU

v

- OS 0 Jets
1201 M., = 160 GeV/c?

Events /0.5

P AR

/' Kinematic Discriminants \
— [l opening angle

W-
|:|:,'>—|=',>—)-

{—(::l—{‘,:cl—c::l—)

W

\ — klnematlcs input MVA

)

°O
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0 Jet Analysis Strategy

CDF Run II Preliminary [L£=59fb"
My =165 GeV /c?

tt 223 £+ 0.66 W

DY 227 £ 62

ww 563 + 56 ! N
Wz 255 =+ 3.8 a H
47 383 =+ 5.4

W+jets 215 =+ 51

Wy 155 =+ 22 Z

Total Background 1226 =+ 120 g 7
gg — H 16.9 =+ 3.0

WH 0.410 £ 0.070

ZH 0.416 =+ 0.059

VBF 0.140 =+ 0.028

Total Signal 17.8 =+ 3.1

Data 1230

OS 0 Jets
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0 Jet Analysis Strategy

1 doth
Pm(xobs): <o >/ ady(y)e(y)G(xobSay)‘

PH(xobs) q
Pr(xops) + ikiPi(zops)
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0 Jet Analysis NN Output

CDF Run Il Preliminary IL= 591"
8 [0S 0Jets, High S/B =
S ool M, = 165 GeVic? St
£ | o,
8 [ S
T WW
o |, Signal

lllllllll

ob ' T it o
+
||||| NEEZERREd ) .*..

-1 -08 06 -04 -02 0 02 04 06 038 1
NN Output
CDF Run Il Preliminary I L=591M"

10°L OS 0 Jets, Low S/B =

M, = 165 GeV/c? S

Events/ 0.05
)

-1“:0I.BI.-.OIB.I:OI.4“:0I.2”IO.”0.2 04 06 08 1
NN Output
July 29,2010 Michael Kirby - Higgs Hunting Workshop 24




1 Jet Analysis Strategy

1 Jet Events

CDF Run II Preliminary

[L£=59f"

My =165 GeV/c?

tt 56 + 11
DY 218 + 49
WW 151 =+ 18
WZ 254 + 3.5
Z7 10.3 + 1.5
W4-jets T+ 20
W~ 251 + 4.3
Total Background 563 =+ 69
gg — H R0 =+ 2.4
WH 1.13 + 0.18
ZH 0.439 + 0.066
VBF 0.74 £+ 0.13
Total Signal 10.3 =+ 2.5
Data 533

July 29,2010
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July 29,2010

1 Jet Analysis NN Output

CDF Run II Preliminary

[L£L=59f"

My = 165 GeV /c?

tt 5 + 11
DY 218 =+ 49
WwWw 151 + 18
W2z 254 + 35
77 103 + 1.5
W+jets == 20
W 25.1 + 4.3
Total Background 563 =+ 69
gg — H 8.0 =£ 2.4
WH 1.13 + 0.18
ZH 0.439 + 0.066
VBF 0.74 + 0.13
Total Signal 10.3 =+ 2.5
Data 533

OS 1 Jet

Events/ 0.05

Events/ 0.05

CDF Run Il Preliminary JL:S.Q [’y
asF OS 1 Jet, High S/B =
- 2 -
- M, = 165 GeVic -
40k o
= b
=t WW
soF
5- +
20
150
10F-
°-1 08 06 -04 -02 0O 02 04 06 08 1
NN Output
CDF Run Il Preliminary J-L=5.9 b’
OS 1 Jet, Low S/B .iﬁ,
-
102 L My, = 165 GeVic? =
own
—w o
+
10
tot o4 |
1
10"
102
Lo el a e allelll i o il e el il oo i Ll
1 -08 06 -04 02 0 02 04 06 08 1
NN Output

Michael Kirby - Higgs Hunting Workshop

26



2 Jet Analysis Strategy

9
491910

H
¢ \Q00
CDF Run II Preliminary [ £ =5.9fb\ a H
My =165 GeV /c?
tt 169 + 24 o
DY 80 =+ 31
Ww 336 + 6.1 q w
W2z 6.8 + 1.3 q H
47 3.10 + 0.57
WHjets 26.7 + 7.5
W~ 44 £+ 1.2 Z
Total Background 324 + 50 p 7
gg — H 26 + 1.8
WH 250 + 0.35
ZH 1.28 £ 0.17
VBF 1.37 £+ 0.23
Total Signal 78 £ 2.0
Data 307

AllSB-2JOS
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2 Jet Analysis NN Output

CDF Run Il Preliminary [L=s9m"

g 3 3? =2 :t;:se(t:evn:2 §§'
g » }L =
G 2 top

gt

s J[ Signal

10 I |

5

o il 11 11 1 1
-1 -08 06 -04 -02 o] 02 04 06 038 1

NN Output
CDF Run Il Preliminary I L=59M"
o asf OS 2+ Jets Vet
=~ EM, =160 GeVic’ =i
& aof Wz
5 =
o % o
30
25
20

5
AR(Il)
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w H—=WW —e*vu*v Signature

Signal x 10
- (MH =165 GeV)

e updated to largest dataset 4 gt gr—rrrr—rrrrrrrrrer
in a Hi h E o2 kman -
in a Higgs searc g L=g7 i Ao
— [L=6.7fb! E ;D
- 7] Diboson
e Incorporate jet selection L g
- 3 +jets
e train Decision Tree for L 1 [ e
. 10 =
each jet sample : g
— 15+ input variables based ik
on event kinematics and 0 20 40 60 80 100 120 140 160 180 200
topology M., (GeV)
Data |Signal | Total Background |Z — ee|Z — pp|Z — 77| tt |W + jets| WW (W Z |Z Z |Multi-jet
0 jets |2662] 13.2 28381224 8.9 172.2 1318 [ 10.8 [ 684.2 [447.0(16.5]|2.2| 177.8
1jet [1164] 7.9 1132491 4.8 40.6 585.5 |107.6| 147.6 |99.0 | 6.5 |1.6| 1384
> 2 jets| 636 | 4.8 594158 2.3 14.4 162.8 |300.6 38.1 219 (2.7 (1.4] 49.2

July 29,2010

Michael Kirby - Higgs Hunting Workshop
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w H—=WW-—¢= v,u—v Signature

_g Prellmmary %
] o E 10 e+ MET, 0jet
* train Decision Tree for o 1 _
each jet sample - et - PE
e important background for 0 5
each discriminant changes 1
Diboson, W+jets, top
0 010203040506 07 08 09 1
BDT Output
D 04 DG Prapm T T T 8 [ ooPreliminary ¢ EE 1]
.2 10° DO Preliminary £7f e data 2 - D@ Prelim ry § -
£ [L=56f" 5ok — S 0°Len+ MET, 2jets =
T 0 - eu + MET, 1 jet 3 B w - -
102 I o.szo.uggggggpu: iDIboson 102 . = 107 .86 0.88 0.9 °'92°'943§$8'3?pm1—§
10 :Multiiet 10 +1.L —é
1 lttbar :
Signal x 10 1 =
T (M, =165 GeV) 3
10" 0 0102 03 04 0506 07 08 09 1
0 0.102 0304 0506 07 08 09 1 BDT Output

BDT Output

July 29,2010 Michael Kirby - Higgs Hunting Workshop

—— data

[I Z+jets
[I Diboson
. Wijets
[I Multijet
. ttbar

Signal x 10
- (MN =165 GeV)

—— data

Z+jets

Diboson

W+jets

Multijet

ttbar

Signal x 10
- (M, =165 GeV)

30




e published 5.4 fb!
dielectron and dimuon
analysis combined with
updated eu

o artificial Neural Network
final discriminant

events/0.025

2
IIIII| T TTTT

July 29,2010

H—=WW—=/[tviv

2

10

mll

+

u_.

01 02

po,54m 5§ [ Do saml
Preliminary A % 102 Preliminary
] 10
.+. ]
- t N
m 1

107

03 04 05 06 07 08 09 1

0 01 02 03 04 O .6 0.7 08 0. 1
NN Output 2 5 0 0.7 0.9

NN Output
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H—=WW—/viv Systematics w

Shape systematics - modify the output of discriminant

Flat systematics - efficiencies, normalizations, etc

Syst(%) Signal >Bkg

JES 1.0 40 S
JetID 1.6 4.9 N Discriminant Z
PV Rew 0.9 0.6 = .
V-p; Rew 7.0 1.0 § fate an -
WW NLO 0.4 .1 N Shape systematics /7 2
o 22 6-10 N .
Multijet 0 2 TS
PDF 4 1

Lepton ID 2.5 2.5
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H—=WW—/viv Systematics %

Shape systematics - modify the output of discriminant

Flat systematics - efficiencies, normalizations, etc

Syst(%) Signal | YBkg

JES 1.0 4.0 o

Jet ID 1 ,6 4 .9 g 60 : DO Preliminary, 5.4 fb _; ];thal .

PV Rew 0.9 0.6 S) OF ]! sd.on Backe.
20

V-p; Rew 7.0 1.0 of —h-—:;*%é#
WW NLO 0.4 1.1 20 dﬁ T

o 10 6-10 -40.|.

.. 60
Multijet 0 2 001702 03 04050607 08 09 1
PDE 4 4 NN Output
Lepton ID 2.5 2.5
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‘ CDF H—WW Low M({l)

CDF Run Il Preliminary j L=59 "
e extend the opposite g T i

Events / 8 GeV
5

sign analysis
e M(ll) <15 GeV »

lllllllll]lllllllll]ll

CDF Run II Preliminary ~ [£=5.9fb"! 10
My = 165 GeV /¢ o
= [] 100 120 140 160 180 200
tt 0.55 £ 0.10 H; (GeV)
DYy 4.35 =+ 0.78 CDF Run Il Preliminary _[L—59 b’
ww 13.8 =+ 1.3 E sof 0S Low M(I) Wajats
wWZ 0.371 + 0.052 2 | My =160 Gevic’ s
YA 0.139 + 0.019 @ - s
W4-jets 16.2 =+ 3.0 § " e
Wey 768 + 7.7 " o el
Total Background 112.2 =+ R.6 i
g9 — H 1.00 + 0.20 r
Total Signal 1.00 £ 0.20 woF
Data 112 B
AIISB-lowMIl olsin T T R
° 2 E:‘)Signif1i¢2:£mce14(\lGev;6
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‘ CDF H—WW Low M({l)

e extend the opposite
sign analysis
e M(ll) <15 GeV

CDF Run II Preliminary f[: =5.9 b1

Mpy =165 GeV/c?

tt 055 £+ 0.10
DY 435 £+ 0.78
wWw 13.8 =+ 1.3
WZzZ 0.371 + 0.052
47 0.139 + 0.019
W4-jets 16.2 =+ 3.0
W 76.8 + 7.7
Total Background 112.2 =+ 8.6
gg — H 1.00 + 0.20
Total Signal 1.00 £ 0.20
Data 112
AllSB-low M1l

Events/ 0.05

20
18
16
14
12
10

O N b O O

CDF Run Il Preliminary J L=591"
OS low M(l1) =
M, = 165 GeV/c’ =
o,
Wy
Signal
AT

PRI e e I |, -

-08 06 -04 -02

July 29,2010 Michael Kirby - Higgs Hunting Workshop

0

02 04 06 038

1

NN Output
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VH—=V(WW")—[#*+X

* leptonic decay of the vector B ]
boson 1 W
e one of Higgs Ws decay W

hadronically Wt

e utilize same lepton H
selection from opposite
charge analysis q W

* require two same charge
leptons

July 29,2010 Michael Kirby - Higgs Hunting Workshop 36



e Charge flip background
— ee - like-sign in Z mass
— UM - use track vs muon
system charge
measurements
e Multijet background
— measure from data
— loose/tight sample estimate

Number of Events

Number of Events

VH—=V(WW")—[#*+X

D@ Run Il (5.4 fb') Preliminary

= VH-IF+X, M = 160 GeV/c? -»-data
35 ee (before track quality cuts) charge flip

- multijet
30 Woly

= Wzl
25— ZZ-/lvy

o []signal x20
20
15F +
10 + Jr

E |

5 -T— _+_
e .++++H..+
20 40 60 80 100 120 140 160 180 200
M(Lep1,Lep2)[GeV]

_ D@ Run Il (5.4 fb') Preliminary
50T VH-FFE+X, M = 160 GeV/c? -e-data

r up (before track quality cuts) charge flip
a0 multijet

C W-lv

N WZ- Il

__ ZZ-/lvy
24 C []signal x20
20—

4 T
s 41

= P ] e ey [ N

o0 50 100 150 200 250 300

M(Lep1,Lep2)[GeV]
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w VH—[*[*+X Analysis

e Boosted Decision Tree

Discriminants

— 1nstrumental background

— physics background

rejection final discriminant

D@ Run Il (5.4 fb') Preliminary
8 7 VHOFF+X, M =160 GeVic? - data
g E ee (after track quality cuts) charge flip
o 6F multijet
"6 C W-lv
o 5 wz-hvil
2 = ZZ-1Nvy
£ 4 [signal x20
5
< 3 -t
2 ——
1; —
C oo IV I IO PO RN O (NI (PO IR T i
01 08 06 04 02 0 02 04 06 038 1

BDT output (final)

Number of Events

Number of Events

'y
o

IIIII|III|III|III|

D@ Run Il (5.4 fb') Preliminary

VH-FF+X, M = 160 GeV/c? —e—data

uu (after track quality cuts) charge flip
multijet
W-lv
WZ- Il
ZZ-1/lvy
— []signal x20

]

1

]
P

—‘_III IIII|IIII|IIII|IIII|IIII|IIII|

08 -0.6 -0.4

i O | OO | oy ) 4
02 0 02 04 06 08 1
BDT output (final)

D@ Run Il (5.4 fb') Preliminary

VH-EF+X, M = 160 GeV/c? -+ data

eu (after track quality cuts) multijet
Wolv
WZ-ivil
ZZ vy
—4 []signal x20

|

]

—

[]
-t

i T O S S S [ S SV Y O e P R
-08 06 04 02 0 02 04 06 08 1

BDT output (final)

July 29,2010 Michael Kirby - Higgs Hunting Workshop
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‘ VH—V(WW")— [+ X

e Opposite chage dilepton

e >=] jet (P,>15GeV)

*  W+jet dominant bkg

e Neural Network final discriminant

Trilepton search

Separate by presence of Z
candidate and jet multiplicity

e Neural Network final discriminant

CDF Run Il Preliminary J-L=5.9 b’ CDF Run Il J.L=5.9 b’
8 [ SS 1+ Jets =) 4EWH Signal (Z Removed): M, = 165 GeV/c? I'Tot.§l
S 10%L M, = 165 GeVic? =" = —
2 F o, 35 e
o .o - Wz
2 1oL 3 I
Eﬁ _— - - Data
- fpel L 25
1 EE ol r :_j:j 25— . .
- 1 =
1°1§|—\_._c——"'_'_'v 1.5
E | | 15— . . e B - .
2 =
10 05C
: \_a—-‘_’_’_‘
ol bl Al il sl sl bt il nll ) 0 ! S —— e - T ==
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
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new search channels

¢« H>WW*—lvjj - DO .
° £
oy 2
e H-WW”*—uvtv- CDF L e
» § 5|3
g ° £
| .-
= i .
' o tautjets
o muon+jets
r \ b@ : -
. electron+jets
) W decay
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new search channels

S H-WW =lvjj-DO >/,
oL
e H->WW"*—uvtv- CDF Ak
=~ |5 8|3
g o 5
| g
= i .
: o tautjets
i\ +i
r el @Q | muon jej[S
. S electron+je
) W decay
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new search channels

e H>WW*—/vjj - DO

@WW* —>UVTV- C@

electron+jets
muon+jets
tautjets

tau+jets
muon+jets
electron+jets

W decay

July 29,2010 Michael Kirby - Higgs Hunting Workshop 42



DS

e Event selection

— high-p; lepton > 15 GeV
— large missing E > 15 GeV

— 2 high-p jets

4000

Events/8 GeV/c?
N
S
S
S

1000 .
0300 200 300
M.... GeV/c?
Muon Channel, MH=190 GeV/c
o 3000:_ ..""*,h —— data
% - & N Vijets
O 2000 = MJ
% - - I top
4 " DO Preliminary -_ diboson
E, 1000 “.__ — Signalx200
w B T
% 50 100 150
p¥" GeV/c

July 29,2010

Electron Channel, M =190 GeV/c?

(c)

400

()

200

H—WW—lvjj

q g

NolNe)

*background composition
—W+2 jets
—top production
—Diboson - WW, WZ., 77
—QCD multijet events

eutilize techniques from
low mass analyses
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* Very large W+jets background after selection
— SW B =022 (m,= 165 GeV)

Channel H—WW V+jets Multijet top VV
electron 15.2 52156 11453 2433 1585
muon 32.2 47201 2409 1598 1225

data
67627
52433

* Use W-Mass to constraint neutrino P,

e (Combine kinematics into a Random Forest Decision Tree

10*F DO Preliminary
(@ -
7] i 7]
T . =
g | CAAL I
w a n w
10‘15_..1I||.l|.||.|.I|..I 10-1.|.I|.|I.|.I..|I.||
0 02 04 06 08 1 0 02 04 06 038
RF output RF output
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H—WW—/vryv

CDF Run Il Preliminary [Ldt=5.9"

; 222: pt:fW-jet control region Lé g‘i?g;i;fﬁo)
e backgrounds very 5 ol =
different for T samples g =
e Multijet and Z—77T s
dominate w0
20

e COIltI'Ol S&Hlpl@S aHOW 00 02040608 1 1214 16 18 3 22

© Mass(trk+1°) [GeV/c?]

fOI' CI'OS S ChCCkS Of T CDF Run Il Preliminary [Ldt=591"

kinematic and % 1407, ut; Ziy*—tr control region %Jé%%g:?:mm
variables 5= =
— W+jets (et & ut) £ ol
— Mulijet (e7) : N
, ++
— /7—1T (MT) ZZ_I ﬁ%+

0 02040608 1 1214 1618 2 2.2
t Mass(trk+n°) [GeV/c?]
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CODF Run |l Preliminary

§

H—=WW—=uvrv

e Boosted Decision Tree discriminant
* W+jets modeled with ALPGEN

— dominant background

ILdt'—'Sbe"

= et channel
= m, = 160 GeVvic?

Entries

8 &
T

-~
o
TTr|IT

8 8 &8 8 8
INRAAAE AR AR

-
<
TTT

&
ST
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e data(s.8fo’)
320 Hww
[ dijetyvjet
B Orell-Yan
0 Wejet
Lo
Bl wwwizzz
i
total Bkg error

04 0.6

BDT output

Michael Kirby - Higgs Hunting Workshop

CDF Run Il Prefiminary

e Expect 1.5 evts Higgs signal, ~700 background

ILdl=59fb"

~_pt channel
C m, = 160 GeVic®

Signal x 20

e data(s.Sfo’|
320w Hww
[ dijetyvjet
B Orell-Yan
) wejet
W+
B wwwzzz
i
total Bkg error

BOT output
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High Mass Higgs limits

both CDF and DO see good agreement in all
channels -- now combine!

CDF Run Il Preliminary [L=som’

Events/0.05

CDF Run Il Preliminary 3 0S 1 Jet, High S/B = _3 Dé Pre‘limi‘nary‘ §w‘
SS 1+ Jets S Em, =165 Gevic? S DO Run Il (5.4 ) Preliminary = 10¢ L =5.61b"
107 £ M, = 165 GeV/c? 2 = 5 ey + MET, 0 jet
E §
0 ;ﬁ‘, s’ R corr i 2 )
3 1 ‘ LK ke Tevatron Run II Preliminary, L < 6.7 fb
1E
E B ; —
e w 168 GeVic* e Tevatron Data
b o N m,=165 GeV/c Background X W e Gave -
E S - S. l eu (after track quality ¢ fi | = 1650ew)
Eeecnon o UGG LI nalx 200 = H gnal 0 01020304 0506070809 1
-1 -08 06 -04 -02 o 02 04 06 08 1

NN Outout

BDT Output
o vty July 19, 2010 Csgnaszo
& 20f 0s low M(l) @« —
35 Y S 1af My = 165 Gevic? o DO Preliminary £
2 = L=561b" ol
§ S ew + MET, 1 jet
w
CDF Run Il CDF Run Il Preliminary [L
4ff WH Signal (Z Removed): M, = 165 GeV/c* 3 [ os 0 Jets, High /B E
S 100 M, = 165 GeVic? E e
i i
e Zsjets
08 06 -04 -02 o |-|>J w_ Ex |:| fets
n E
[

(M, = 165 Gev)
me..,.. 102 03 04 05 0.6 0.7 0.8 0.9 1
BDT Output
lw..m
CDF Run Il Preliminary

& [os1et LowsB E D"‘"‘“"‘
S 102 My = 165 Gevic? B 10 Preliminary
aE E W
s E
2 o : ®
CT T e TR 1 ] C — (M= 165 Gev) -~
CDF Run Il Preliminary ng - - - | - L - 2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 -

§ “‘35 z:s?:-w.:z ' ] 2 BDT Output

S b= . - 2

i § 10° 104

s

g w

o2 10

A -olaols-cl.a-ol.ztlrofzalﬁulsola1 10-1...|...|...|...|...| 10.1---I:-nl---l.--l-..l
O oS o8 o4 9z © oz o8 AN Output 0 02 04 06 08 1 0 02 04 06 08 1
RF output RF output
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D& SM Higgs combination

R0 LS TIR, #16
— g [ SM Higgs Combination [JLLR, 20
. . S e --- TLR,
ecombine all 10 high mass channels o [0 Preliminary, <L> = 640 LLR,,
emodified frequentist approach with E
. . . . . 2
log likelihood ratio test statistic
0
eweighted by sensitivity, average 2k -
integrated luminosity 106110120 7130 140 150 160 170 180 190 200
July 19, 2010 m,, (GeV)
‘6.10 fb_l @ 165 GeV (% SM Higgs Combination = Observed
é 10 D@ Preliminary; <L>= 6.1 fb! Eiﬁ:igil
DO SM Higgs limit @165 GeV : ] Expct =2
N
2

0/0g), (obs) =1.03

o/0q, (exp) =1.14 1

100 110 120 130 140 150 160 170 180 190 200
July 19, 2010 m,, (GeV)
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ecombine all 18 high mass channels

euse bayesian approach

eweighted by sensitivity, average
integrated luminosity

*5.90 fb'! @ 165 GeV

CDF SM Higgs limit @165 GeV
0/0g), (obs) =1.13

0/0), (exp) = 1.00

95% C.L./og,

CDF Run Il Preliminary J' -1
L=591b
10? == High lMass Expacied ---
. High Mass £ 1o
D High Mass + 26
—— High Mass Cbssrved
10 |5
1
" Standard Model
llllllllllllllllllllllllllll 11

95% CL Limit/SM

10 |

110 120 130 440 450 480 470 180 190 200

CDF Run Il Preliminary, L=2.

Higgs Mass (GeV)
3-5.9 fb™'

L e e e T T T e e
- —————  WH4+ZH-jjbb 4.0 " Obs ————  WH+ZH-METbb 57" Obs
3 LEP ... WHiZHfjbb 40" Exp  ==ee- WHaZH—METDb 5.7 1™ Exp
- Excl H-1123 16" Obs ———  WH-hbb2 5.7 1" Obs =
----- Hot:2307 Exp e=e==  WHohbb2 57 b7 Exp B
——— ZH-Nbb57 16" Obs —  Hop 5407 Obs
----- ZH-Nbb 5.7 16" Exp “eses Hopsanm”Exp
———  WH-I\bb3] 5.6 1b" Obe
----- WH-1vbb3j 56 1b™ Exp
2 ——  HWW591" Obs
S e HWW591b" Exp
s Combined Obs
.......

B 1
b, 9200,
100 110 120 130 140 150 160 170 180 190 200

2
m,, (GeV/c®)
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Tevatron SM Higgs combination

Tevatron Run II Preliminary, <L> = 5.9 i

5 L -LLR :tlc Tevatron Runll Prelnmnary % Mova
= 15 - ;:|LLRb 20 sttt PN
- - LLR, | . = i
B = LLR 3 B
10 N _ LLRobs j
L O
5 N
un
=)
0
POS TOL D ity TR 1 i
> C . ': [ <—lcvatr0nih uswn
100 110 120 130 140 150 160 170 180 190 20( 100 110 120 130 140 150 160 170 180 190 200
July 19, 2010 m,, (GeV) mH(GeV/c )

e Obs exclusion My, =

e Exp exclusion My =

158-175
156-175
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Tevatron Projections

CDFx2H > WW Pro]octod Exclusion {no Higgs)

--------- H > WW Expected 5. 91b
High Mass me—— H— WW Expected 10 b’ with improvements
analyses only! - ------------- H—>WW Expected 20 1b wnthlmprovements
7]
e ,_Sensmwty Range |
10 =%
- g :::frc)m March 2@16
Qo
O '
1 =
101 | I | I I | | i .|

110 120 130 140 150 160 170 180 190 éDO
Higgs Mass (QeV)

assumes two experiments with equal sensitivity
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Tevatron SM Higgs Summary

Tevatron Run II Preliminary, <L>= 5.9 !

- SMHiggs searches arerapidly & | .~ "% Eiﬁfﬁ:ﬂ,’},

lmpI'OVlng _E i 3 m+lGFxpcctcd 4 ﬁ:,,:fffﬁf: f f:ff:::
. - —r—is—zcs—Expgcted—————r;—————

e Inclusion of new channels and 2 e —

theory predictions is extending %
P =)

sensitivity ;

« Common tools and coherent : i m— i ‘
treatment Of S Stematics across [ 4\_1£‘ ltronhxcm\s“\)n VVVVVVVVVV \\ VVVVVVVVVVV ‘.{ul\l92q10 VVVVVVVV |

y 100 110 120 130 140 150 160 170 180 190 200

numerous channels m,,(GeV/c?)

e Validation of analytic tools with

measurement of WW/WZ « Tevatron will continue to expand
production in lvlv,lvjj signature the SM Higgs mass sensitivity
 Integrated luminosity increasing reglons
better than expected » extremely exciting time at the
Tevatron
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CDFII & DO Detectors

CDF Il Detector

Muon Detectors Muon Detectors

(m]

| ) | S| R ) P [V | | i [ | [

=10
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Tevatron Projection

2xCDF Preliminary Projection

'_A20 7
el
~ 6 o
Q. Fy
@15 52
= D
| =
§ 4%
o 10 ki
Q 3“
N g
g o
g 5

0100 110 120 130 140 150 160 170 180 190 200

With Projected Improvements my (GeV/ 02)

0
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LLR

LLR

— - 1
- . P
-

100 110 120 130 140 150 160 170 180 190 200
Events (k] July 19,2010 g (GeV)

« Ateach mass point, calculate observed LLR,
generate pseudo-experiments to calculate expected LLR.



combined CDF & DO for
my = 165 GeV

Tevatron Run II Preliminary, L < 6.7 fb™
7 PP T T T T T T T T
=10
= _ 2 ® Tevatron Dat
5) 5 mn,-l65 GeV/e - Background
LEI" B Signal

July 19, 2010

-4 -3 -2 -1

0 1
log,,(s/b)

125 £| ¢DF + DO Run I Preliminary —+~ Data-Background
S100 E|L<670" [ Signal E
‘2 75 E— — =lsd.on Background_é
o u ]
@ 50 3 ;
25 ;_ —— _;

0 F— pam———

25 ¢ TT
50 E [ x
75 E —— mH:165 GeVl/e E

oo B | l | l | Jully 19 20|1 0 :
_100-4 35 3 25 2 -15 -1 05 O
loglo(s/b)

July 29,2010 Michael Kirby - Higgs Hunting Workshop 57



Gluon Fusion Production

e Use cross section calculations of de Florian and
Grazzini (arX1v:0901.2427v2) to normalize MC

» Soft-gluon resummation to NNLL
* Proper treatment of b-quarks to NLO

 Inclusion of two-loop electroweak effects
« MSTW2008 Parton Density Functions

* Hp = Hg = My
* In good agreement with calculations of Anastasiou,
Boughezal, and Petriello (arXiv:0811.3458v2)

* Hp = Hg = my/2
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Cross Section Uncertainties

« Higher-order QCD radiative corrections

* Independently vary p. and p, between 0.5m,; and
2.0my,, within the constraint 0.5 < p/p; <2.0

e PDF model

* Use 40 alternative grids associated with MSTW2008
NNLO PDF to evaluate

* An additional complication at CDF is that cross section
uncertainties coming from scale changes are topology
dependent (e.g. dependent on number of jets criteria used
to define channels) Anastasiou et al., arXiv:0905.3529v2
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