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The Tevatron ‘
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"I Standard Model

mMiop= 173.1 = 1.3 GeV and

= M, and M, global fits : mw = 80.399 =+ 0.023 GeV

= Global EW fit for Higgs mass:  MH=907%.27 GeV
mu < 163 GeV @ 95 % CL
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= M, <135 GeV, dominant decay mode H->bb. Utilize VH production modes

(gg—~>H drowned by gg—>bb)

= 135 GeV< M, <200 GeV , dominant decay mode H->WW, all production

channels can be incorporated
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EXperimental C'na“enges

* The Challenge: extracts Higgs signal from backgrounds 10

orders of magnitude largers

* Trigger

* High p, leptons(e,n) MET+Jets, T dedicated

* Lepton ID: optimized on large W/Z samples

* b-jet tagging

* DO: NN tagger based on b-lifetime information, with

multiple operating points

* CDF: Secondary Vertex and Jet Probability

* Background estimation is crucial

* MC predictions: W/Z+jets, diboson, top,...

» Data driven: mistags, QCD

» Control regions

* Advanced analysis techniques to separate signal from

background

* Neural Network, Matrix Elements, Boosted Decision Trees...

* Exhaustive checks in control regions
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Tevatron Run I, pp at s = 1.96 TeV
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H—-WW =117 vv

= Most sensitive channel at the - "\
Tevatron for high mass ;

S [ D@ Preliminary, L=3.0-4.2 f§
= Both CDF and DO: > “F Tt
a2 high pt opposite-signed, g 120 () Higes Signal (M, =165 GeV)
isolated leptons LI - —
. . C I Diboson
o Missing transverse energy a [ Wjets
. . . [ Z+jets
o Dilepton azimuthal separation ) Mulsjets

= Added sensitivity from ZH,WH and
Vector Boson Fusion, including

same sign dileptons 05 055 06 065 07 075 08 085 09 095 1
NN Ouput
CDF Run Il Preliminary JL:s.mb"
= DO: & [0S0 Jets, High S/B o
S  ['m, =165 GeVic? i
o Separate channels ee,up,eu, NN PRL © Sz
optimized separately for each § & o
channel o ol
.
| CDF: =
o Separate analysis for 0,1,2 jets 107
o Ojets using NN with Matrix -
Element 107
a 1,2 jetS, NN with kinematic 41 08 06 04 02 0 02 04 06 'o.|3' B
inputS. NN Output
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‘ H—-WW =117 vv

= Background:
o WW, Drell-Yan, tt-bar, W plus
jets,...
= Control regions:

o Drell-Yan obtained by reversing
missing Et requirements

o Same-sign control sample to
test modeling of jets and
photons misidentified as leptons

o t-tbar control sample consisting
of two jet events with at least
one b-tag
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95% C.L./c,,,

Results:
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ZH —.v.VvbDb

Missing Et plus b-jets.
Incorporates acceptance from WH in

cases where the lepton is not
reconstructed

Both, CDF and DO:
o Veto events with a lepton

o Control regions to model QCD
background and W+jets background

CDF:
o QCD background removed with a NN

o Three non-overlapping samples by b-
tagging categories

o A second NN to separate signal from
background

DO:

o Use two b-tagged jets, one tight, one
loose

o Separate signal from background
using a BDT

July,7,2009

-

[/

A.Ruiz-Jimeno (IFCA)

QCD Rejection NN, Signal Region, ST+ST |

CDF Run Il Preliminary, 2.1 fb™'
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® | ZH-.vvbb

Missing Et plus b-jets.
Incorporates acceptance from WH in

cases where the lepton is not
reconstructed

Both, CDF and DO:
o Veto events with a lepton %

o Control regions to model QCD
background and W+jets background

CDF:
o QCD background removed with a NN
o Three non-overlapping samples by b- 0 =“%1 02 03 04 05 06 07 08 08

IIIIIIIIIIIIIIFIIIIIIIIIIII_
DO preliminary (1.2 fb)
— Data 7]
B Tor
Z+bic-jets
Zejets(ll)
W+bic-jets
Wjets{l.f.)
Diboson

B Multijet
=— VHx25 (115 GeV)

50

40

Events / 0.05

=p=m

N

IIII|IIII|IIIIIIII1|IIII|I_

0

10

tagging categories DT discriminant
o A second NN to separate signal from

baCkground EXxp. Lum. Expected | Observed
DO: (fbd) 95% CL | limit/SM
o Use two b-tagged jets, one tight, one |.°° 2.1 e lin

loose CDF 2.1 5.6 6.9
0 Separate signal from background My = 115 GeV

using a BDT
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ZH —>.." ¢ bb

= It has the cleanest signature, (low

. . —— data
LnulilgjritaﬁnSRWﬂetS background) ? ::_ 56 Run i Prfiminary (3.1 1) =§0'§‘;
= Two isolated high pt leptons, two or i F — e
more jets ( at least one b-tag) g2 ez 212300
= Backgrounds mainly Z+jets, QCD E-
= Both CDF and DO: -
o Use Zp, constraint to sharpen 10F-
Mjj resoluton ~ HJ " .
o Split sample in b-tagging ST eorow
categories CDF Run Il Preliminary (2.7 fb™)
= CDF: 4.: dﬂbéeHTxta:g (high) ;i:a %Eﬁes =Zj':':s

o Improve mass resolution
assigning missing Et with a NN
o 2-dimensional NN or ME
= DO:
o NN and BDT

Number of Events
a3
h

M, =120Gev/id %2 pgz_ .. Emistes
Bww @z uncertainty

02 03 04 05 06 07 08 09 1
10% Slice Along the Z+Jets vs. ZH Axis
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ZH,—.( U bb

It has the cleanest signature, (low
multijet and W+jets background)
but small BR

Two isolated high pt leptons, two
or more jets ( plus b-tag)

Backgrounds mainly Z+jets, QCD
Both CDF and DO:

o Use Zp,constraint to sharpen
Mjj resolution

o Split sample in b-tagging
categories

CDF:

o Improve mass resolution
assigning missing Et with a NN

o 2-dimensional NN or ME

DO :

o NN and BDT

July,7,2009

EXp. Lum. Expected | Observed
(fb1) 95% CL limit/SM
DO 4.2 8.0 9.1
CDF NN | 2.7 9.9 7.1
CDFME |27 12.21 7.8
M, = 115 GeV
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E E L=27fh! W + 2jets |/ Zb-tag
E 1032_ D@ Preliminary éi??jm
C I ruttijet
- | |a
= Itis the most sensitive channel at 0% e
low mass - Cwex 10
= Both CDF and DO: 108
o High Pt lepton, missing Et, two B
jets (one or two b-tag), veto Z's, i3
cosmics and conversions ( more L
than one isolated Iepton_) 10552 0 02 04 06 o8 T4,
o Events grouped by tagging 2 b-tag NN output
categories L W= 115 Gew ()
. CDF_FEun Il Preliminary, L = 2.7 ib : ww?
] CDF: _,2, - >2.Tag =$HG=W+G
0 Included isolated track not 3 e
identified as lepton, split also in 10{* L
categories iﬁﬂ* by
_ . el |
o Two analysis (NN, BDT, with ME 3 ﬁ:f il P 1
included) and combination of 10_15 i ramrl”‘iﬁwg
both in a superdiscriminant 11 5
= - |
« DO 107 s
o Uses NN (includes ME in 2 jet 103 %
Sample’ ij in3jets) §JIII‘IIIll Il IIII|IIlllJJJJ‘IIII|IllLlJJIl\llll
. 0 D1 D2 O . . 3 . N .
0 WH-= tvbb-bar included >S54 58 B BN output
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It is the most sensitive channel at
low mass

Both CDF and DO:

o High Pt lepton, missing Et, two
jets (one or two b-tag), veto Z's,
cosmics and conversions ( more
than one isolated lepton)

o Events grouped by tagging
categories

CDF:

o Included isolated track not
identified as lepton, split also in
categories

o Two analysis (NN, BDT, with ME
included) and combination of
both in a superdiscriminant

DO

o Uses NN (includes ME in 2 jet
sample, Mjj in 3 jets)

o WH-> tvbb-bar included

300 [

250

N
o
o

Candidate Events
2 g

" L=271fb" W + 2jets / 1b-tag
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@ [WH—"Evi N . el CDF, 2,7 fb1

4 y - Process 1 Tag 2 Tags
™
ww 56.2 +6.2 04+0.1
= Backgrounds from W,Z+jets, top, W7 23.0+17 A8+05
TopLJ 121.3 £17 1 238+39
TopDil 488+68 141+23
Stop T 64.0+9.3 18+03
Stop S 406+57 128 +21
Z+jets 374+55 21+0.3
Wbb 5387 +1625 | 703+225
Wece/We | 4891+1509 | 68+23
W+LF 458 0+579 22+06
QCD 1355+ 542 90+36
TotalBg | 20133+3241 | 1482+ 261
WH115 6.3+05 20+02
w7y — 4 Data 1998 156
e i
}u"-'-. \.-“u< "_‘:;HK
P % N Some Background processes are modeled

using MC simulation and others from data

using-control regions
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Results N
N
E
-l
-
&
8>
&
.i. 1 I BRI BT BT T R
100 110 120 130 140 150
Higgs Mass {GeWczl
EXxp. Lum. Expected Observed
(fb2) 95% CL limit/SM
DO 2.7 6.7 6.4
CDF 2.7 4.8 5.6
My = 115 GeV
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OTHER CHANNELS ( low sensitivity)

Channel CDF DO :

160 D@, 4.2 fb' preliminary
WHSWWW [3.6f% |27 (1.1%) fb? S

3 1::ﬂ“+ s;!gcna?b:;:r(lMHﬂ 20GeV)
ttH>ttbb | 0.3 (9ot | 2.1 fol ol Y
HX>1t Hets |2 b 1.0 fb! i T
H%W = 4.2 fb_l 2:05;----------I-;a-u--v-"."'.ﬁ;“.“-. .]|2D. II:I‘;-E:'."IIIBD- A
M, (GeV)
KS prob = 68.4% CDF Run Il Preliminary

* (Lumin. used in the combination.
In the rest of cases all the lum.
shown was used)

—=— Observed (L =2.0 fb™)
Jet — 1 (QCD+Wijets)

Events

10°
Diboson/Z — 1l
| Zortjets

1071 Higgs(M, =120)x30

More ongoing analysis, not updated
yet. Reaching SM sensitivities
requires exploiting all possible decay
channels

Min(NN(Sig _Z),NN(Sig_Top),NN(Sig QCD))
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95% CL Limit/SM

COF and DO Comoinations

- Combining 75 different channels, all discriminant distributions analyzed

= Using Bayesian and Modified Frequentist methods to provide independent
cross-check ( better than 10% consistency required). Take weaker limits to be

conservative.
= Systematics uncertainties

o Rate systematics, affects normalization of discriminators
o Shapes systematics, modify shape of discriminators, small effect on

sensitivity
o Correlations included

CDF Run/ll Preliminary, L=2.0-3.6 fb“

— — arsmsean % S nggsu(:gn;igbinat on ﬂhcgé‘updl mit
LEP lelt ' o)l()pec ed - D@ Preliminary, L=0.9-4.2 f6' | s=es ¢ Expected Limit
s p— served _ = e
10 B I :1oExpected - W88 Expected 1-0
"""""""""""""""""""""""""""""""" . =20 Expected . Expected £2-0
| O 10 :
________________________________________________________________________________________________________ i
)
I
1 — —
SM=1 | | : ] | -Standard Model = 1.0
| Pusgalipnaulogy of o AAASERN I I : 1 | March 5.i2{}(}9
100 110 120 130 140 150 160 170 180 190 200 100910120 130 140 150 160170 180 190200

H(G-eV/c )

my, (GeV/c?)
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"1 GDF and DO Gombinations )

= Based on latest gg—>H theoretical calculations (including two-loop
electroweak effects), using MSTW 2008 NNLO PDF’s

Exclude a Higgs mass from 160 to 170 GeV at 95% CL

Tevatron Run Il PreIiminary L=0.9-4.2 fb* 5 - Teva[rgn RunII Pre]umnar_y — | CLS Dbséerved
T T T L | ; : : :
(% ,,,,,, LEP EXCIuSIOn vt Tevatron... | o 1.051 _LQ942.fb ----------------------- S gt 1 ---ELE Expﬁ#tﬁ;d...
E e Exclusion X March s, 2009 I Expected £1-6
=10 . — - j Expecte.d +z G
— s : - i
O - i ;
> .  95% CLL.
o
1 o Hi QG%QCIL.
0“ ‘ ‘ : :
0‘:‘:‘:’%‘ ‘i“”i””%” : ;“Mar‘chSZOOP
100 110 120 130 140 150 160 170 180 190 200 0.85 =
m,,(GeV/c ) :
.i- 1 119
150 155 160 165 170 175 180 185 190 195 200
my, (GeV/c?)
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geyond Standard Modsl
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Charged Higgs

SM Expected Upper Limits

Decay Mode Production ~ Method  Experiment Luminosity n 0.7 —
HE — s t—HEh direct 2.2 fh! P T O W " 'is-ﬁfffb{'; Lo
Hf - 1v,qq t—H%b direct+indirect 10 b %us_ ____________ . Cliobemd
Ht — tb L](]—?Hi 0.9 fh! E S I;IZG t;}and;
Hi — TV t—?Hib dirett 03 l_\b_l ;04;_ ............ G E——
SUJSYS I I T N N N
= V-
o -
Search in top-pair sample -
One high pt lepton, missing Et, >4 jets, '%f:""sio"'iiiné"1'1ié"izic':"izié"r::l:':;}'[jssiév'f'i]sn
b-tagging o
Binned likelihood fit to dijet mass o e LeRmuEeimnay
DO {E' 13“:_ H‘_H:::pache-d limit 85% CL — ;:Dﬂ:tud limit 95% GL_'
. _ £1EU_— Excluded 05% CL [y Excluded §5% CL __
Search top decays in dilepton,
lepton+jets, lepton-+tau 1400 —— tauonic
1205\
Binned likelihood to extract the expecte oK
number of signal+background events, 1R
combining all channels Bo T T

July,7,2009
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®
[ Neutral Higgs: Hi—=.b.b.+ b.+ (b))

- | D@ Preliminary, L=2.6 f6
1 3 or more b-tagged jets “tel mh ol 200 Doy E
-1 CDF and DO i
(J Search for peak in dijet e ]
40 , ]
mass spectra L] [ Excluded Area -
N || T
11| T — Expected Limit |
1 CDF T T T R
m, [GeV/c’]
D fBInned nl.\l/IaXImum |Ike|lh00d 200 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)
It using Mjj B

- DO

] Train and cut on kinematic
likelihood

 Use Mjj to set limits

1o band

m, ™ scenario, ji = -200 GeV 25 band

20 Higgs width included

expected limit

observed limit

D Il 1
100 120 140 160 180

200

m, (GeV/c?)
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Neutral Higgs: H —. T

1 CDF and DO
 2taus, leptonic+hadronic or
et+u

Likelihood fit based on
visible mass distribution of
di-taus (including missing E

a

el
c
8

All channels simultaneously
fitted

Also b¢=>brt used, same
sensitivity

Search in p+hadronic t+one
b-tagged jet at least

Cross section Limit
determined by cut on 2D-
distribution:

1 NN output used to
reduce tt-bar background

1 log-likelihood to reduce

QCD background

100

T

CDF Runll 1.8 fb1
MS5M §—r Search
Preliminary

no mixing

60

40 85% CL excluded

20

o g rmixing

100 120 140 160 180 200 220 240
m, (GeV/c?)

meX | = -200 GeV

100

c
8 90
80

D@ Preliminary, 1.2 f5" ]
IV Observed limit 1
— Expected limit

. LEP2

Ll

M, (GeV)

oL
<100~

e I:I_IJ. R i,
100 110 120 130 140 150 160

No-mixing, u = +200 GeV

I Observed limit
— Expected limit ;

Bl LEP 2

100 120 140 160 180 200 220 240

M, (GeV)

[ D@ Preliminary, L= 1.0-2.6 fb’

m, max, p=-200 GeV

GD_—

[T Escludad by LEF
— Obgarved Nmit
Expactad lImit
[ Espactad imit=1g
I Cxpacted Imit=2 0

20—

m, [GeVic?]

Combined
tt,btT, bbb
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@
l Fermiophobic Higgs: H —. Y Y Fermiophobic h— vy (3.0 fb™)

ﬁ B CDF Run Il Preliminary
=0
= CDFand DO I}
o 2 photons at least, high pt é.wz
diphoton 5
o Look for peak in diphoton mass [ \’)_
= CDF i
o Two photon central or One 10}~ Genchmark recicton
central + one endcap F Expected limit
B 1 sigma region
d PtW > 75 GeV R 2 sigma region
lllIllllllIllllllllllIIlIIIllIIlIIIII
[ ] DO 80 90 100 110 120 130 14&]2
a  Two photons central m ., (GeV/c’)
o Py >35GeV -
= —.D@, 4.2 15" preliminary.” e
D@, 4.2 b’ preliminary - )
* data ol
> I direct vy £ 17
& W iv+ii s f - N
) C e e
g Cl2iy->ee R [ Expected Limi
§ 10%E — NLO prediction
w E I Expected Limit = 1a
C @ Expected Limit -2
B Dy 1,9 ﬂi‘
||||||||||TII|-|EF|I||||I|||||||||||||||||
10 a0 an 100 110 120 130 140 150
o e M, (GeV)
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LUSIONS AND PROSPEGTS

Tevatron performing very well, high luminosity, stable

New channels and analysis techniques improved, more acceptance

Combined sensitivity is 2.36*SM, at M,,= 115 GeV, and 1.15*SM at 165

GeV

95%CL SM Higgs exclusion from 160-170 GeV

No evidence of new particles

2xCDF Preliminary Projection, m, ;=115 Ge
T T T T T T T T T T T T | T T T ‘ T T T

v

Summer 2005
Summer 2006

Summer 2007
January 2008
December 2008

ITNNR

With Improvements

Expected Limit/SM

2xCDF Preliminary Projection, m =160 GeV

—h
(=]

Expected Limit/SM

ql
/
|
|
|

Summer 2004
Summer 2005
Summer 2007
January 2008
December 2008
March 2009

With Improvements

]

July,7,2009
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Integrated Luminosity/Experiment {fb ')

A.Ruiz-Jimeno (IFCA)

4 6 8 10 12 44
Integrated Luminosity/Experiment (fb ')



@ li D5
BACKUP

July,7,2009 ARuiz-Jimeno (IFCA)



Tom Junk

Detector

Lepton coverage:
In| < 1.5 (muons)
In| < 2.0 (electrons)

b-tagging with
In| <~1.4

Jets to

In| <2.8

Higgs analyses
restrict to

In| <2.0

Dijet mass
resolution: ~16%



Lepton coverage:
In| < 2 (muons)
In| < 2.6 (electrons)

b-tagging with
In| < ~2 |

Jets to
In| <3

New Innermost Silicon
Layer added between

Similar dijet mass
resolution to CDF Run lla and Run llb
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CDF Run II Preliminary [ £ =3.61b [Process Exclusive 1Tag| ST+ST | ST+JP |
My = 160 G‘re\//c2 QCD + Mistags 941 +44 [42.1+£8.7] T8+ 11
= Single Top 43.24+7.9 85+1.7|724+15
tt 136 + 23 Top Pair 124 + 17 274+ 4.3|27.1 L 4.6
Di-hoson 35.6 £ 6.8 49+ 1.243+£1.1
DY 210 + 38
WW 421 + 46 W + h.f 207 +130 [11.0+6.5| 21+ 11
Z + h.f. 107 = 46 108£5.0/11.3£5.2
Wz 389 £+ 53 | * | | d | > |
Total Ex 1548 £ 146 105 £ 13 | 149+ 17
YA 292 £+ 4.0 =P >
Wtiet 180 + 48 W/ [Observed | 1443 [ 105 | w8 |
ets
J ZH — vrbb (MH115GeV) 21 1.0 0.8
Wo 110 + 29 WH — ()wbb (MH115GeV) 1.8 0.9 0.7
Total Background 1134 + 110 ZH — (Il)bb (MH115GeV) 0.00 0.04 0.03
g9 — H 159 =+ 2.3 Number of expected and observed events in the Signal Region in all tagging categor:
WH 3.24 £+ 042
ZH 1.13 £ 0.15 Z-H.'
VBF 1.08 + 0.17
Total Signal 214 £+ 25 Source ce gt 1
£ —ee T0.7T £ 188 0.0+ 0.0 T0.7 £ 18.8
Data 1126 Z — e+ hf 63.0 £ 11.4 0.0+£0.0 63.0+11.4
05155 Z = g 0.0£00 589+149 53.9+14.9
* Z = pp+hf 0.0£0.0 442+ 8.1 44.2 £8.1
Z =TT 0.1+0.1 0.0+0.1 0.1+0.1
TABLE I: The number of signal events expected to be aceepted by our selection, the SM prediction L —=T1r+hf 0.0£0.1 00401 0.0+£0.1
) WW Wz 22 6.6£1.0 5.0 £ 0.5 11.64+£1.3
for e B H — M), and the expected and observed limits at 95% C.L, on the Higes boson production Fakes 198 6.4 31L19 150L65
i . S [ o ) tt 77+ 1.5 6.24+1.2 13.9 +£2.0
cross section relative to the SM value as shown in Fig. 2. The expected limits are also ineluded for ZH (my = 115 GeV/?) 0.7+ 01 0.5+ 0.1 134 0.2
the NN and MERDT analyses individually. Total 1616 £23.0 11794171 279.5 +28.6
= - Data 152 106 258
Mass (GeV /e?) LOD | 105 | 110 |115|120]125] 130 | 135 | 140 [ 145 | 150
Exp. signal {events) 12811710386 6956|4331 (21 ]1.4]|00 ZH’H :um@hﬁm_ME
SM oexB(H — W) (fh) 2321200 1169 (136|104 83 | 63 | 45 | 30 | 20 | 12 — o
Exp. NN (95% C.L./SM) 13| 4.6 ] 5.0 |58 [6.9]8.210,0{13.58|19.4|28.9]43.2

Exp. MEBDT (95% C.L./SM) |38 |40]|45 [5.2]63|s.0[00013.4)10227087  \(WH)

Exp. combination (95% C.L./SM)| 3.5 | 3.8 | 4.1 |48 [5.9] 7.2 | 8.7 [12.2|17.5|25.6|40.5

Ohserved (95% C.L./SM) 3.3 3.6 4.9 [5.6(5.9(5.0] 59 |13.2(26.5|42.1|75.5

TTTTTTTIUOTTTTTTTT ONTT T

JoJ 0



Lepton Acceptance Gains

=9 3 F T
2 i CD g 1 2 ;Central g - “Muon ]
[ ] [Muon ~Chamber }
1 7 ] 1 ;Chamber _-Extension_;
0f . 0f ]
-1 ' ] -1 — —
20 ] 2 CD ;
-3 - -1 0 1 2 3 -3 - -1 0 1 2 3
}/ * \ n }( n
Forward Electron Central Electron Track in Crack Forward MIP Central MIP Track in Crack
0 N i . .
10% gain in CDF electron acceptance 30% gain in CDF single-muon acceptance
g o
F: Inter-calorimeter electrons
w L . .
°f -- 10% gain in DO electron acceptance
a- ) )
) For di-lepton events, trigger lepton
3 has tighter requirements than the
s other one. For single-lepton
: analyses, need other triggers like
T MET+jets
05 3 ARuiz Jimeno (IFCA) Tom Junk

Electron



@ Dy
‘Neural Networks for Better B-tagging

CDF: Train a NN to separate b’s from charm and light COF Run Il Preliminary, Le2.2 "

flavor jets in vertex-tagged jets Sl gom < mw
— ‘E 110 7 B tchannel [ We+Wee
DO: Use the NN as the . o |1zof-
b-tagging tool from tMC o -- =l
the start. Choice of b ) o |
operating points. T 60 |
" e
Some of the inputs: o1t JH | 20 (2
Displaced vertex mass T RS 108060402 0 02040608 1
A Output NN B-tag

# tracks in displaced vertex

Decay flight distance and significance ey
Identified leptons in and near jets ;
Secondary vertex fit y2

Jet E;

CDF and DO: Efficiency and Mistags and NN’s

Calibrated with Data

» Jet samples with vertex and soft-lepton tags w

» Negative tags. 30l

Tag rates parameterized with E-, 1 SR W reeeireves evtrrerrrereireed VR
July,7,2009 A.Ruiz-Jimeno (IFCA) Tom Junk

b-Jet Efficiency (%)

s byaaals s e e
0 05 1 15 2 25 3 35 4 45
Fake Rate (%)
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B-Tagging

2t COF Run B Fresminary
LOO single-sided silicon + Impact ol e
5-layer double-sided silicon+ parameter ' e
2-layer ISL resolution T
Layer 00 for high-p I i
tracks ~18um > by g RO
[ %%
B-tagging relies on ’ 1}
sl displaced vertex it N
reconstruction: .
high mass, long lifetime A A
SV I X {cm)
SecVtx Tag Efficiency for Top b-Jets -
e Mls_’rﬂg” rates Example
0.6 DOSE SBCvIE ¥
: e Typcaily candidate
C o
:: y ~1%for event (lvbb)
4 light-flavor jets
0.3
IR . D@ B-tagging per-jet
0.4F : :
: | efficiency = 50-70% (of taggable

0703 0608 1 12941618 3

2.2

Jet Eta

Tevatron SM Higgs Boson Searches / Thomas Junk / 23 June, 2009

jets) for 1-5% Mistag rate

27



Tevatron Correlated systematics

Total systematic error count : 109 (not counting bin-by-bin errors)

Note: correlations in errors on backgorund betwen experiments helps sensitivity One
experiment is another exp. control sample

Luminosity: 3.8% correlated CDF and DO from ;. (ppbar),

4.4% detector specific

Diboson Cross sections ( 6% relative uncertainty)

tt cross section: Moch and Uwer, evaluated at m, =172.4 + 1.2 GeV

o(tt)=7.79 pb with a 10% systematic uncertainty.

Signal Cross sections: VH is 5%, gg = His 12% and VBF is 10%

CDF-DO0 uncorrelated errors but correlated within the experiments where
appropriate:

k-factors (data driven)

trigger efficiencies

b-tag efficiencies and mistags

jet energy scale

lepton id.fakes and conversions

MET modeling

0O 000 0 o

Tom Junk

July,7,2009 A.Ruiz-Jimeno (IFCA)



Higgs Boson Production Cross Sections and Branching Ratios

mey Og9—H|OWH |OZH |OVEBF B(H — bb} B(H — T T_) B(H — ‘w“"”r”"'_)
(GeV/e*)| (fb) | (fb) | (fb) | (fb) (7o) (%) (#0)
100 1861 |286.1|166.7| 99.5 81.21 7.924 1.009
105 1618 [244.6|144.0( 93.3 79.57 7.838 2.216
110 1413 |209.21124.3| 87.1 77.02 7.656 4.411
115 1240 |178.8|107.4(79.07 73.22 7.340 7.974
120 1093 [152.9] 92.7 | 71.65 67.89 6.861 13.20
125 967 [(132.4| 81.1 |67.37 60.97 6.210 20.18
130 858 |114.7| 70.9 | 62.5 02.71 5.408 28.69
135 764 | 99.3 | 62.0 | 57.65 43.62 4.507 38.28
140 682 | 86.0 | 54.2 | 52.59 34.36 3.574 48.33
145 611 | 75.3 | 48.0 | 49.15 25.56 2.676 08.33
150 048 | 66.0 | 42.5 | 45.67 17.57 1.851 68.17
155 492 | 57.8 | 37.6 |42.19 10.49 1.112 78.23
160 439 | 50.7 | 33.3 | 38.59 4.00 0.426 90.11
165 389 | 44.4 ] 29.5 |36.09 1.265 0.136 96.10
170 349 | 38.9 | 26.1 | 33.58 0.846 0.091 96.53
175 314 | 34.6 | 23.3 | 31.11 0.663 0.072 95.94
180 283 | 30.7 | 20.8 | 28.57 0.541 0.059 93.45
185 255 | 27.3 | 18.6 | 26.81 0.420 0.046 83.79
190 231 | 24.3 | 16.6 | 24.88 0.342 0.038 77.61
195 210 [ 21.7 | 15.0| 23 0.295 0.033 74.95
200 192 | 193 | 13.5 |21.19 0.260 0.029 73.47

gg—H from Grazzini and de Florian, similar to those of other authors




Probability density

Mini-Review: CL, Limits

- @ LEP 5 GeV/c?
T Bt p-values:
Yellow area = 1-CL, = 1-P(-2InQ>-2InQ_,<| b only)
Green area = CLs+b — P('Zan>'2|nQobs | s+b)
CLSE CLS+b/CLb 2> CLS+b
______ N - Exclude if CL,<0.05
T o Vary r until CL.=0.05 to get r;,

* Advantages:

« Exclusion and Discovery p-values are consistent.
Example -- a 2c upward fluctuation of the data
with respect to the background prediciton appears
both in the limit and the p-value as such

* Does not exclude where there is no sensitivity
(big enough search region with small enough resolution
and you get a 5% dusting of random exclusions with

CI—s+b) Tom Junk

July,7,2009 A.Ruiz-Jimeno (IFCA)
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Bayesian Posterior Probability

(BRI [ [ dsdbL(R, 3, b|7i) (R, §,b) Fo.95 (i — 0168
n) = — — — = n = .
P [ [ | dRd5dbL(R, 3, b|7i)x(R, 5,b) 0 P

o x BR)/(ogyp X BRgar), Ro.o5 : 95% Credible Level Upper Limit

g = Sijs b”, g (# of signal, background and observed events in 3-th bin for 2-th channel)

|

7 : Bayes' prior density

Combined Binned Poisson Likelihood

channel “¥bin n"Je_F’iJ’

L &b = ] HHT

e S ij
Principle of ignorance e A

- for the number of higgs events (instead of higgs Xsec)
n(R, 8,b) = n(R)m(3)m(b) = stot0(Rstor)m(3)m(b)
Stot = E,;?j 844 + Total number of signal prediction

w(z) = G(z|Z,02) (x = s,b)  Z: expected mean, oz: total uncertainty

July,7,2009 A.Ruiz-Jimeno (IFCA)



Mini-Review: Bayesian Limits
L(r,)= |1 [ Peus(data|r,6)

channels bins

Where r is an overall signal scale factor, and & represents
all nuisance parameters.

—(rs; (0)+Db; (0))
(datar.0)— SO0, (92])I e

P0|ss

where n; is observed in each bin i, s; is the predicted
signal for a fiducial model (SM), and b, is the predicted

background. Dependence of s; and b, on #includes rate, shape,
and bin-by-bin independent uncertainties.

Tom Junk

July,7,2009 A.Ruiz-Jimeno (IFCA)



Mini-Review: Bayesian Limits
Including uncertainties on nuisance parameters ¢

L'(data|r)= | L(data|r,6)z(6)d@

where () encodes our prior belief in the values of
the uncertain parameters. Usually Gaussian centered on
the best estimate and with a width given by the systematic.

Includes rate uncertainites, shape uncertainites, MC statistics
In each bin.

0.95= | L'(data|r)z(r)dr
0

Sensitivity = Median Expected Limit

 Run simulated background-only MC pseudoexperiments
(fluctuate all systematics)

« Compute r;,, for each one; find medain and +1,2c
variations.

July,7,2009

Tom Jumnk

A.Ruiz-Jimeno (IFCA)



Tevatron Combined Higgs Limits -- By the Numbers

Bayesian 100 105 110 115 120 125 130 135 140 145 150
Expected 2.0 2.0 2.2 2.4 2.7 2.9 2.9 2.7 2.0 2.4 1.8
Observed 1.9 1.8 24 2.5 2.8 3.0 3.5 2.4 2.7 2.8 1.9
CLs 100 105 110 115 120 125 130 135 140 145 150
Expected 1.9 1.9 2.1 2.4 2.6 2.7 2.9 2.7 2.0 2.2 1.8
Observed 1.7 1.7 2.2 2.6 2.8 2.9 4.0 2.6 3.1 2.8 2.0
Bayesian 155 160 165 170 175 180 185 190 195 200
Expected 1.5 1.1 1.1 1.4 1.6 1.9 2.2 2.7 3.0 4.2
Observed 1.4 0.99 (.86 0.99 1.1 1.2 1.7 2.0 2.6 3.3
CLs 155 160 165 170 175 180 185 190 195 200
Expected 1.5 1.1 1.1 1.3 1.6 1.8 2.5 3.0 3.5 3.9
Observed 1.3 0.95 0.81 0.92 1.1 1.3 1.9 2.0 2.8 3.3

For details, see arXiv:0903.4001 [hep-ex]

Tom Junk

July,7,2009 A.Ruiz-Jimeno (IFCA)



Events
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Probability of 2c Excess

2xCDF Preliminary Projection

2XCDF Preliminary Projection
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