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Higgs Mechanism

@ Standard Model - describes
electromagnetic, weak, and
strong forces

@ need mechanism to give weak
gauge bosons mass

@ Higgs mechanism adds scalar

field throughout the universe @ some nice benefits
@ symmetric potential with @ gauge invariance is
non-zero vacuum expectation maintained
@ ground state breaks the @ masses generated for
symmetry fermions due to coupling to
field

o the W/Z acquire mass,
photon still massless @ predicts presence of a new
particle: Higgs boson
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limits on SM Higgs mass

H
W Mass of the W Boson
K Measurement ; M,, [MeV]

Vo'e's 1‘ ) s
- 4% 0 4 CDF-0/I : 80432 + 79
DI 80478 = 83
DIl tow) : 80402 + 43
CDF-Il 21 j 80387 + 19

O LEPEWWG (2011) 68% CL (excluding MW, mtop & direct Higgs exclusion) |
@ 68% CL (by area) M, (2012), m DG-Il w@awh 80369 + 26
Tevatron Run-0//l  -@- 80387 = 16
LEP-2 —— 80376 + 33
World Average -0- 80385+ 15

February 2012

80200 80400 80600

155 160 165 170 175 180 185 190 195 My [MeV] March 2012
Top Mass (GeV)
New World Average
Higgs and top contribute Mw = 80390 + 16 MeV
radiative corrections to My, CDF + 19, D@ + 23
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The Tevatron at Fermilab

@ Tevatron proton-
antiproton collider at
Fermilab

@ .Js =196 TeV

@EWK scale processes
probe different
region of parton
distribution than LHC

p source

— N~ . | :‘< " ~I
Main Injector !
& Recycler = -
S ) o= A g sz -._f: ’ :(, _\

@channel sensitivity
differs from LHC
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Tevatron Integrated Luminosity

Collider Run Il Integrated Luminosity
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'@ delivered 11.9 fb™!

final years

@ exceptionally efficient in

|
|

i

'@ recorded w/ ~90% eff

|@ final results

~10 fb-!
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Tevatron Integrated Luminosity

w Run Il Integrated Luminosity

HEEEEEEREN
ll=l===lrn‘lllﬂ

Collider Run Il Integrated Luminosity
14000.00
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12000.00 1T 1T T T 1T 1T 1
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I St
|@ delivered 1L740 @ recorded w/ 790% eff

@ exceptionally efficient in

|@ final results ~10 fb!
final years
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3 * Run Il Integrated Luminosity
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Huge thanks to Tevatron
for the grea’r datasets
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Higgs Production at Tevatron

SM Higgs production

gg,qq — tth

TeV4LHC Higgs working group

Gluon fusion dominates
Associated production
(WH,ZH)

Vector Boson fusion
. J

Michael Kirby, Fermilab Users Meeting 8




Higgs Production at Tevatron

SM Higgs production 135 GeV

S,

[44]
=1¥]
S0
I
fe—
=
a!
o
—
s
aal

gg,qq — tth

TeV4LHC Higgs working group
N . 5 100 200 500

Higgs Mass  (GeV)

Gluon fusion dominates
Associated production My<135, H—=bb

(WH,ZH) My 5135, H->WW

Vector Boson fusion
. J \/ 5%
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SM Higgs at Tevatron

@ Winter 2012 focus on the
low-mass Higgs region

—r
Q
N

@ low-mass Higgs channels

o x Br [pb]

—t
S
w

@ Select: 0,1,2 leptons and/
or missing Ert

@ reconstruct high-Er jefs

10 E NNLO, one lepton flavour
— qq— WH — Ivbb
—qq—ZH — llbb
— qq— ZH — vvbb

10° ——gg— H— WW — vlv

100 120 140

@ require identification of b-
jets for H—bb

http://www-cdf.fnal.gov/physics/new/hdg/Results.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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SM Higgs at Tevatron

@ Winter 2012 focus on the
low-mass Higgs region

-t
Q
N

o x Br [pb]

@ re-evaluate current analysis
tools to optimize signal
sensitivity

—t
S
w

@ improve b-tagging
strategy

10 E NNLO, one lepton flavour
' i — qq— WH — Ivbb
%
Jet energy resolution B
5 — qq— ZH — vvbb
10°F — gg—H—> WW — vlv

100 120 140

@ improve MVA discriminants

@ incorporate new channels

http://www-cdf.fnal.gov/physics/new/hdg/Results.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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SM Higgs at Tevatron

) Q
@ Winter 2012 focus on the 2
low-mass Higgs region & 10 \
@ re-evaluate current analysis é
tools to optimize signal 3
sensitivity 10
@ improve b-tagging
s’rra’regy m AN O one lepton flavour
: ; | —> WH — vbb
@ jet energy resolution ZH e ZH — 1bb
@ improve MVA discriminants = qq - ZH— vvbb

10°E — gg— H—> WW — viv
@ incorporate new channels 10 120 140

http://www-cdf.fnal.gov/physics/new/hdg/Results.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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WH — [vbb Search

-

o

eldentification of b-quarks
critical component

*Background rejection
*H—bb reconstruction

~

J

Number of events

Number of events

Central Leptons, 2 jets, Pretag

©
o
o
o

8000
7000
6000
5000
4000
3000
2000

1000 F

WH-Ivbb

CDF Run Il Preliminary

(9.45fb™)

100 150 200

WH-lvbb

—e— Data
Bzz

B wz
ww

8 StopT
[ StopS
Cw

[ NonW QCD
0 Z+jets
o Wi

[ W+ee
I W+bb
0 W+If

= WH115 x 100

12k evts

— L ()
250 300 350

40C

minMivj

CDF Run Il Preliminary ( 9.45fb™")

25
20
15

10

0

100 150 200
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—e— Data
(74

= wz
/ww

8 StopT
[ StopS
 —

E NonW QCD
@ Z+jets
[ W+cj

[ W+ce
Bl W+bb
0 w+If

= WH115 x 100

n L
250 300 350 400

minMlvj
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identifying b-quark jets

take advantage of b-quark Jet con?;" /

lifetime

reconstruct displaced vertices . \| /7 .8

0"
.
.
.

.
-
-
.
.

soft charge leptons from

, , Primary Vertex
semi-leptonic decays
multivariate discriminant DG
based tagger o 04f — b-jets
C E
e light-jets
well established for D@, ] 002;:?
i 0.25-
new tagger for CDF B 02t
N o0.15:
optimize thresholds for Higgs g 01
. o 0.05-
Slgnal P O:J s | er—p——tins Corrrr rrreyi I
02 0 02 04 06 038 1 1.2
NN Output
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identifying b
b-jet efficiency 40-70%
light jet mistag 0.5 - 9%

CDF utilizes 5 tagging
regions from tight and
loose thresholds

-quark jets

CDF Preliminary
R R
80.98F S
o -
Fo.96F ™
5 \
20.94F
: : 'v‘ '~.~. \
Sb.o2F \
- 0.9F - \
0.88F e
- HOBIT \
0.86— - -=-imim Roma
B BNess \
0.84— Loose SecVtx
- Tight SecVix
0.82F

0'8.3 035 04 045 05 055 06 065 0.7 075 0.8
B Jet Efficiency

DO uses event based tag
categories where jet
scores are combined

order 5-15% improvement
in Higgs sensitivity

Michael Kirby, Fermilab Users Meeting

~ZH_vvbb Analysis sample (Pre b-tag)
DO Preliminary (9.5 fb™") 3
—+— Data -

i Top

s I VihfaVV
=- i-i Vil
B Multijet

) VH(115) x 50
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Jet energy resolution

@ b-jet calorimeter deposits have sizable
differences from light-jets

@ develop specialized NN and corrections for
b-jets to improve H—bb mass resolution

Michael Kirby, Fermilab Users Meeting 16
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ZH — vvbb Signature

CDF Il Preliminary

s F G 0.04
©0.08 ®
N - N
s F £0.035
£0.07 E
2 F S 0.03
=0.06 =
S S0.025
0.05—
- 0.02
0.04
0.03F- 0.015
0.02 0.01
0.01 0.005
% ~"20 40 60 80 100 120 140 160 180 200

Missing Transverse Energy (GeV)

® NN based b-jet corrections

0.04

CDF Il Preliminary

Abn

[ I

[

20 40 60 80 100 120 140 160 180 EOO

NN Missing Transverse Energy (GeV)

CDF Il Preliminary

® better signal/background
separation

® RMS/mean improves in Met+bb

e (0.195->0.156

® b-jet corrections now included

III||I[l||l||l||I[I|IIII|IIII|||II|IIII

ZH — vV bb events
m,, = 130 GeVic®

in all H—bb analysis

L1 11 111 11 1 1 1 I; I 1 :I 1 I 11 1
20 40 60 80 100 120 140 160 180 %)O
C

Michael Kirby, Fermilab Users Meeting
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multivariate methods

going beyond using single MVA
to separate signal from all
backgrounds

develop MVA for specific
backgrounds

multi-stage classification of
events

separate easiest background first ,, l .
output

train final discriminant after T o
passing all expert discriminants

diboson expert network
output

Michael Kirby, Fermilab Users Meeting 18




CDF ZH—llbb MVA

CDF Run Il Prelimary 9.45 fb'

[ e*e” + Two Jets, PreTag

* data

1000 + Z+1t
Z+bb

tt-bar o | |E
500:- Iike

Events/Bin

-

10 wz

77

t

fake Z
:EZH(IZO)XSOO

“+
SEEEEEEEEREER
sesrsEREEREERRERRRRRRREE™

]

+ I ar

ey

v el ar
e e yaht

AETS TN ae s ey s ey PETTTTLT VI TLLL L s

0 0.5
tt Discriminant OutPut

= f

<0.5 "
=
tt expert network 2
output L
<0.5
>0.5 0 0.25 0.5 0.75 |
Final Discriminant
If+charm expert
network output <05
>0.5
>0.5 diboson expert network

output




CDF ZH—llbb MVA

CDF Run Il Prelimary 9.45 fb™

[ [ ’
% . u*u” + Two Jets, PreTag | - data
*GEJ _ ++ 4 | AT
o 400 | 1 {5 Zepb
! + +_+_-+- | Z+cc
| + { ww
- Z+cllf o
200 F % H I R
. + U
I|ke ++H:1:+-'+‘+ "anil |1 fakez
) ottt +, : |ivmzEazonseo
‘Fl. - < %"
Tm_‘ﬂl—.mﬂ-ll-i._.__ —— ++_._"§
0 0.5 1
Z+If & Z+cc Discriminant OutPut
<0.5 i
=
tt expert network 2
output L
<0.5
>0.5 0 0.25 0.5 0.75 I
Final Discriminant
If+charm expert
network output
P <0.5
>0.5
>0.5 diboson expert network

output
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CDF ZH—llbb MVA

CDF Run Il Prelimary 9.45 fb'

All Candi

— <0.5

tt expert network
output

>0.5

<0.5

If+charm expert
network output

>0.5

'c% 600 _e"e"+Two Jets, PreTag {.4
E +++ 1 I ] Zat;
S +
L%) t H o+ Slgna’ Z+bb
400 F + ++ M i Z+cc
! H regioni .
Hy F++ {@wz
i + _+_ J 77
. -+-'+' +
200 [~ + + (T -
'diboson hos, W
2 '+'_+_ T fake Z
| TR ,,,.--"" + "3 2" ZH(120)x500
M ey — = +—o-..€:
0 0.5 1
Diboson Discriminant OutPut
4]
c
[7)
>
(AT
0 0.25 0.5 0.75 |

Final Discriminant

<0.5
>0.5

diboson expert network
output
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CDF ZH—llbb MVA

All Candi

<0.5

g

tt expert network

output

>0.5

CDF Run Il Preliminary 9.45/fb

C
Ioa) All-SubChannels ]
EJ 200 ]
3 I ;
- = ]
150 ff ]
100
50
0
0 0.5
ZH (120 GeV) Discriminant
4]
c
o
>
(T
<0.5
0 0.25 0.5 0.75 |

If+charm expert
network output

>0.5

Final Discriminant

<0.5

diboson expert network
output

>0.5

- data
7+1f
Z+bb
Z+cc
tt
77

1B wz

WwW
fake Z

] D ZH (120) x 50
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DO ZH—-Vvvbb MVA

® develop MVA for
rejecting multijet
background first

® validate in the EWK
control sample region

Events / 0.12

x10° - ZH—>vab lAnahqsns sample (Medlum b-tgq ~ — ZH—wab Analy3|s sample (quht b-taq)
_ Do Prellmlnary (9.5 fb )_ T 300 Do Prellmlnary (9.5 fb ) .
-Top . S -Top
1.4 0 V+hfeVV —1 0 0 V4hfaVV
Valf. J == 250 V4lf.
B Multijet 1 £ B Multijet
[ VH(115) » 50 . g ) VH(115) x 10
-4 1w 200

-0.8

-0.4

02 O

02 04 06 0.8 1 0708

Multijet DT

-0.6 -0.4

Michael Kirby, Fermilab Users Meeting
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Final Discriminant
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WLZ/ZZ— X+bb validation

identical final state as

®
WH/ZH—X+bb
o
o(WZ/ZZ) .
~5x Osm(WH/ZH)
<G 1200 Tevatron Preliminary, L <9.5 fo 2 600
> 1000~ 1+2 b-Tagged Jets §
g - —+- Data - Bkgd W 400
S 800:— — Bkgd Uncert.
% 600;— E;\IZZ 200
@ 400- 0
200F
- -200-
0F
200" -400F
0 50 100 150 200 250 300 350 400

Dijet Mass [GeV/c?]

same event selection

utilize Higgs techniques
critical test of analysis

~ Tevatron Preliminary, L < 9.5 fo
~ 1+2 b-Tagged Jets

I‘ ﬁ‘

— Bkgd Uncert.
vz

o v b b b b b b by 1

MVA ordered by s/b

Michael Kirby, Fermilab Users Meeting



H—WW MVA

also continuing to work on

H—WW sensitivity beyond just

adding luminosity

improved the background

rejection

increase the acceptance through
trilepton and same-sign selections

D@ Preliminary
L=9.7fb"
pu + MET

0.2 04 06 08
BDT_Dy__ Ojets

Michael Kirby, Fermilab Users Meeting

—— data
[:] Z+jets
|:| Diboson
D Wijets
[ I muttijet
! ttbar

m, =165, x 1
- SigTot
— gg—>H->WW
-~ WH

g |—zH

=== VbfH

] | — gg—H-2Z2Z

0.6 -0.4 02

D@ Preliminary
L=8.61fb"

l

0.2 04 06 0.8
BDT_Dy__ fjets

—— data
|:] Z+jets
|:| Diboson
[:l W+jets
[ muttijet

! ttbar

m,=165,x 1

H™] | — SigTot
o | = gg—>H-WW

=~ WH

|| —zn
B | — VbiH

‘ == —— gg—H—-ZZ




DO full combination

2 . . _1
o | D@ Preliminary, L <9.7 fb = Observed
Py SM Higgs Combination ==+ Expected
S 10 ] Expected +1 s.d.
] E Expected 2 s.d.
E I
— L
—l -
@)
32 L
lp]
o)l
1
B <—— LEP Exclusion
F D@ Exclusion
—llllIllllllllllllllllllllllllllllllllllllllllllll
100 110 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeV/cZ)

Exclude SM Higgs at 95% C.L.: 159 < my < 166 GeV/c?
Expect to exclude: 157 < my < 172 GeV/c?

Michael Kirby, Fermilab Users Meeting
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CDF full combination

CDF Run Il Preliminary, L < 10 fb™

E LI I L l L ' L l L I | S ) (| I | JEE i | | | e UL ] L l 1

g -- Expeéted CDF ;
‘€10 | —— Observeda . B Exclusmn-
- [ HE 1o Expected o i
i 1 - +20 Expected

&

&

O

»

February 2'{ 2012

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

Exclude SM Higgs at 95% C.L.: 147 <my < 175 GeV/c?

Expect to exclude: 100 < my, < 106 GeV/c? & 154 < m, < 176 GeV/c?
Michael Kirby, Fermilab Users Meeting
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Tevatron combj ation

95% CL Limit/SM

Tevatron Run Il Prellmlnary, fb™

1 ‘ L 1 ‘ I I I I ‘ I I I I ‘ I I ATLAS+C\M\S I I

c ===== Expected |
2 ; —— Observed Tevatron g Exclusion

10 33_’,:::::::::L::":::;_;::@::::::ﬂ,S,d,,EXP??i?d,,,,,ﬂ ,,,,,,,, -,I-,AT,LASfl-,C,MS::::::i::::::::::::::::?:::::::::::::i
ﬁg fffff -g~@~~~+2sd Expected""'~*""'~"”"""""””""'; ffffffffffffffff e A .
0 3 S35 S Exclusmn”’””‘; ”””””””” S A i
w o | | | | | | |

g
2.
(2}
E
o
>
i
[
=
(T

1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ATLAS"'CMS,
Echusnon February 27 2012

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

Exclude SM Higgs @ 95% C.L.
100 < my < 106 GeV/c?2 & 147 < mn < 179 GeV/c?
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compatible with background

= Tevatron Runll Preliminary — Alevehamel

('U 1 0 IIIII Expected if SM Higgs signal

2 SM Higgs, L _<10.0 b [ xpectea st <t

- 1 n [ ] Expectedz2sd.

c

>

o 1 16

5 10

E >
G

@ 102

1 0-3 —————————————— 36

------------------------------------ 4G
'5lIIIIIIII|IIII|IIII|IIII|III III|IIII|IIII
10900 170 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/cz)

e Highest local p-value (2.80) is
found at m, = 120 GeV/c?

e Same LEE of 4 for entire SM
search range 100 to 200 GeV/c? CDF+DO 280 220

Michael Kirby, Fermilab Users Meeting
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fitted Higgs cross section

Tevatron Runll Preliminary
L . <10.0fb"

Int

o
o1

IIIIIIII llllIlllllllllllllllllllllll

—e— Best Fit

+1 s.d.

Best Fito / o,
N
o W

(\)

1.5

llllllll IIlIlIlIllIlIIllllllIlllIIIIlllIIl

100 110 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/c?)
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Events/(5 GeV)

80

40

20

compatible with SM Higgs

CDF Run Il Preliminary 9.45/fb

60

[ Al Sub-Channels [] znasGenxso |
[] znassGevyxso |

i + + [ znascevxso |
| ﬁ-Hﬂi f |
‘”# Ll Il

;;j%& b

100 150 200

Dijet Mass (GeV/c?)

+ data

7+t
Z+bb
Z+cc

Best Fito / o,

N w
D g w o

1.5

Tevatron Runll Preliminary
L, <10.0fb"

ol

—e— Best Fit

[ ]+1sd

III|IIII IIIIIIIIIIIIIIlIIIIIIIIIIIII

100

February 2012

IIIIIIIIIlIIIlIIIIIIIlIIIIIIIlIIIIIIIIlIIII
110 120 130 140 150 160 170 180 190 200

Higgs Boson Mass (GeV/c?)

Behavior at higher my, values I1s consistent with the

expectation from a lower mass Higgs

Data are most consistent with SM in mass range from | 10
<my < 125 GeV/c?

Michael Kirby, Fermilab Users Meeting
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SUSY Higgs searches

DO, L=73f" —— data
I Z (+ jets)
B i
7 M
s Other
s Sig m¢=1 00 GeV

® MSSM introduces two Higgs doublet fields

@ couple to up/down separately 02 0 _ 02 04
D, [ m, =100 GeV ]

0.6

@ ratio of vacuum is tanP = <H,>/<Hqa> D2, L= 5.2-7.3 fo!

& Higgs coupling to b and tau enhanced (¢) no mixing, . = -200 GeV

at hi gh ’ranB D@ MSSM combination
T,T, + T,T,.b + bbb

@ combined bd—bbb & bd—=bTT & P—TT

@ identification of b-jets and T reconstruction D& expected
critical I DZ exclusion

LEP exclusion

@ able to exclude the “natural” region of tanf

Michael Kirby, Fermilab Users Meeting 32
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Tevatron Higgs Summary

@ Teva.l-ron delivered a Spec*acular Tevatron Run Il PreIiminary,Ls10.0fb'1
dataset e e B R

@ CDF and DO incorporated full
dataset into Higgs searches

-
o
xclusion

@
=
E
r
_
o
2
o
o

evatron + LEP

@ added considerable improvements
beyond luminosity

@ measure WZ/zzZz — X+bb at 4.6C

Signiﬁcance, consistent with SM 110 120 130 140 150 160 170 180 190
m,, (GeV/c?)
@ Observe an excess of Higgs like
event consistent with SM Higgs Tevatron Excl @ 95% C.L
production around 125 GeV/c? 100 < mpy < 106 GeV/c2

147 < mny < 179 GeV/c?

@ global significance of excess 2.20

Michael Kirby, Fermilab Users Meeting
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Backup
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CDF only limits
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CDF combination channels

Channel

Luminosity
(")

my range
(GeV/c?)

W H — fubb 2-jet channels 4x(TT,TL,Tx,LL,Lx)

W H — £vbb 3-jet channels 3x(TT,TL)

ZH — vibh _ (8S,5],18)

ZH — £767bb 2-jet channels 2x(TT,TL,Tx,LL)

ZH — £+07bb 3-jet channels 2x(TT,TL,Tx,LL)

H—-5 WTW~  2x(0 jets,1 jet)+(2 or more jets)+(low-my;)

H — W+W— (e'nlad)+(#’nmd)

WH - WW™W~  (same-sign leptons)+(tri-leptons)

WH -5 WW™W™  tri-leptons with 1 n,.q

ZH - ZWTW ™  (tri-leptons with 1 jet)+(tri-leptons with 2 or more jets)
H — ZZ four leptons

H+ X 277" (1 jet)+(2 jets)

WH S vr™r JZH - 0 1717 €-Thaa-Thad

WH = bvrtr—[ZH = €780 1777~ (b-f-Thaa)+(€--Thaa)

WH S vt  JZH =5 £ 0 7777 44

ZH — £7¢ v~ four leptons including m..a candidates

WH+ ZH — jjbb  (SS,SJ)

H — vy (CC,CP,CC-Conv,PC-Conv)

ttH — WWbbbb (lepton)  (4jet,5jet,>6jet) x (SSS,85J,8JJ,85,8J)

ttH — WWbbbb (no lepton)  (low met,high met)x (2 tags,3 or more tags)

9.45
9.45
9.45
9.45
9.45
9.7
9.7
9.7
9.7
9.7
9.7
8.3
6.2
6.2
6.2
6.2
9.45
10.0
9.45
5.7

100-150
100-150
100-150
100-150
100-150
110-200
130-200
110-200
130-200
110-200
120-200
100-150
100-150
100-125
100-105
100-115
100-150
100-150
100-150
100-150

[=eoryu
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compatibility with background

Q —
c_:c 10 - CDF Runll Preliminary — Alehrename
- = : -1
& - SM Higgs, LintS 10.0 fb
T 1
c =
-
S 10" & o
% 2G
B 102
10-3 ——————————————————————— 3G
10™
matutaiae el Ak 4G
10‘5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIIIIlIIlIIlI
100 110 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass (GeV/cz)

Highest local p-value, 2.60, is found at my = 120 GeV/c?
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CDF H=WW Combination
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CDF H—bb Combination

CDF Run Il Preliminary H—bb L =9.5fb"

Expected : 10 Expected

= QObserved +20 Expected
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how much did things change?

CDF Run Il Preliminary, L <8.2 fb™ CDF Run Il Preliminary, L < 10 fb™

Expected C DF

= Observed ; ;- Exclusion
I 10 Expected . ;
[ +20 Expected

95% CL Limit/SM
=)

=
N
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l§
r
_
o
X
10
o

3

100 110 120 130 140 150 160 170 180 130 %00 100 110 120 130 140 150 160 170 180 190 200
m(GeV/c”) m,, (GeV/c?)

Summer 201 | Winter 2012

A ~0.50 excess in mass range from | 15 to |35 GeV/c?
has become a ~20 excess. How can this happen!?
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CDF Run Il Preliminary CDF Run Il Preliminary

170 180 190 200 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV) Higgs Mass (GeV)

Winter 2012

» | 8% additional data
» Small signal acceptance improvements (0.1 < AR, < 0.2)

» No appreciable change in behavior of limits
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ZH—VvVvbb

g +b-jets 7.8 fb™ [CDF Il Preliminary] g +b-jets 9.45 fb™' [CDF Il Preliminary]

68% Confidence interval
[ 95% Confidence interval
Expected 95% C.L. limit
= QObserved 95% C.L. limit

68% Confidence interval
[ 95% Confidence interval
Expected 95% C.L. limit
——— QObserved 95% C.L. limit

95% C.L. limit / SM

=
/2]
-
=
£
-
(&)
X
7}
[=2]

Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)

Summer 201 | Winter 2012

» 219 addrtional luminosity

» Small improvements in background rejection

» same basic behavior w/ 0.5 to .00 increases in significance of excess
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CDF Run Il Preliminary 7.5 fb-1 CDF Run Il Preliminary 9.4 fb-1
WH— Ivbb 2 jets + 3 jets WH-— Ilvbb. All channels combi
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o
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—e— Observed Limit
Expected Limit
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95% C.L. Limit/SM

100 110 120 130 140 150 100 110 120 130 140 150
Higgs Mass (GeV/c?) Higgs Mass (GeV/c?)

Winter 2012

> 26% (69%) additional luminosity for 2-jet (3-jet) channels
» 5-10% level lepton acceptance/trigger efficiency improvements

» New HOBIT b-tagger equivalent to adding another 20% in additional luminosity

: .
Limits show same basic bﬁh VI Klr ! FermuBb ésersr}glléee%snes in significance of excess .




95% CL Upper Limit/SM
95% CL Upper Limit/SM

All Sub-Channels: | e
ZH > I'T'bb ZH — l“T bb

100 110 120 130 140 150 100 110 120 130 140 150
My, (GeV/c®) M, (GeV/c)

Winter 2012
» 23% additional luminosity

» More gain from HOBIT in this analysis than WH (original tagging not as sophisticated)
» 56% of data events in current analysis were not included in previous analysis!

» 379 sensitivity improvement (I4.67® 295 at m,,=120 GeV/c?)
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CDF Run Il Preliminary 9.45/fb
Top 20 Candidates in S/B
ZH-> p*ubb Channels

New Candidates For Winter 2012 Analysis
Previously Observed Candidates

» Examine top 20 events in
both channels based on
S/B of the discriminant
bin In which it's located
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» The electron channel
contains |2 new
candidates within this high
score region, while muon
channel has 5

CDF Run Il Preliminary 9.45/fb

Top 20 Candidates in S/B
ZH—> e*e’bb Channels

New Candidates For Winter 2012 Analysis
Previously Observed Candidates

(120 GeV Signal)/Background
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compahble with SM Higgs?

| CDFRunIlPrellmlnary

éFitted Higgs cross

0‘IO 110 120 130 140 150 160 170 180 190 200
m,, (GeV)

Consistent with SM Higgs at | O level for

mass range between 107 and 142 GeV/c?
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Projected Sensitivity

CDF Run I Prellmmary, mH_115 GeV

Summer 2005 December 2008
Summer 2006 November 2009
Summer 2007 July 2010
January 2008 July 2011

] Projected Improvements
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Achieved Sensitivity

CDF Run Il Preliminary, m =115 GeV

Summer 2005 November 2009
Summer 2006 July 2010
Summer 2007 July 2011
January 2008 February 2012
Sensitivity Goal
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D@ only limits
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D@ combination channels

Channel Luminosity mpy range
(b~ 1) (GeV/c?)

WH — fvbb  (TST,LDT,TDT)x(2,3 jet) 9.7 100-150

ZH — visbh
ZH — £47bb

H+X—6*

1.-F

had

(MS,TS)

(TST,TLDT) x (ee,upr,€€10 r ffherr)

33

VH s e p™ 4+ X
HoW™W™ = £Fvity
H—oSW™W™ = uwwnaav
H—-S W™W™ = épjj
VH - 4+ X

VH 5> mru+ X

H — vy

(0,1,24 jet)

9.5
9.7
4.3-6.2
9.7
8.6-9.7
7.3
5.4
9.7
7.0
9.7

100-150
100-150
105-200
115-200
115-200
115-200
130-200
100-200
115-200
100-150

[=eoru
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compatibility with background

@ =
5 = _— 1 = 1-CL, Observed
«© N D@ Preliminary, L‘mt <9.71b «ssss 1-CL, Expected
2 10 L SM Higgs Combination I Expected +1 s.d.
- = [ ] Expected +2 s.d.
§ -
5 1E
= =
O 3
©
m

10

107 |

-3 ‘
10100 110 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeV/cz)

Highest local p-value, 2.140, is found at my = 135 GeV/c?
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D@ H—=WW Combination

D@ Preliminary, L <9.7 fb’! = Observed

S === Expected
SM H—=WW Combination ] Expected 1 s.d.

|:] Expected 2 s.d.
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D@ H—bb Combination

DQ Preliminary, L <9.7 b
SM H—bb Combination

m—— Observed

=== Expected

- Expected £1 s.d.
Cl Expected +2 s.d.
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fitted Higgs cross section

NN

D@ Preliminary, LInt <9.7 fb”
SM Higgs Combination
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Higgs optimized b
identification tagger

@ 25 input variables
@ 8 operating points

@ validated in tt-bar and
soft-electron samples

— Light Jets
— b Jets

tagger | eff | HOBIT |increase
SI.T = | H80E38 0.50 30%
Sy 0.47 0.60 27%
Roma | 0.50 0.58 16%
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identifying b-quark jets

@ CDF utilizes 4/5 tagging
regions from tight and
loose thresholds

@ D@ uses event based tag
categories where jet
scores are combined

Normalized Frequency

@ efficiency 50-70%
o light jet mistag 0.5 - 5%

@ order 5-15% improvement
In Higgs sensitivity

Michael Kirby, Fermilab Users Meeting

— b-jets
light-jets

0.2 04 06 08 1 1.2

NN Output

DO Prellmmary (8.41b")
Top

ZH - vvbb

8 10 12
Leading Jet bIMVA OP
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extending the search

D% Preliminary

& VH — VVV Search ' L=071b’

® final states with same
sign dilepfton or trileptons

@ |low signal rate, but small
background 1080604020 02040608 1

Final BDT Discriminant
25

- .
[ [z 20
[ oeser
[ s 15
[ e

. ttbar

—— Sig Tot

M, = 145 GeV —=FH — Sig Totx 10
0.8 1 1 -08

Final Di imil t
SISl ERESEnan Final BDT Discriminant
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H—YY Search

D@ preliminary, 9.7 fb"

® Neural Network photon-ID
@ new event based discriminant

@ low-mass Higgs discovery
channel at LHC

® extends to Fermiophobic 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.91 1
3 (o)
higgs search NN
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BDT output
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