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Particle Physics

* Direct LEP searches: M, >114 GeV at 95 %CL = > 3-

‘ SM Higgs

*The Higgs remains the Holy Grail of

(5}
Ao =

— 0. .0275Ex0.00035
=== 0 02748000012
=== incl. low Q° data

<
* Indirect searches improving. Smaller error on
top and W mass: M,,,=170.9 1.8 GeV and =] ]
M,,=80.398 10.25 GeV i 1
- 0 - E)(C!Udf—:‘d I-';:.‘:'- V.. Prelilrnir'lary,f-
| —LEP1 and SLD 30 100 300
80.5 1 - LEP2 and Tevatron (prel.) m,, [GeV]
68% CL
% +33
S 80.4- MH = 76-24 GeV
=
£
80 3; | M,,<144 GeV (ignoring direct limit)
' M,;<182 GeV (including 114 GeV
150 175 " 200 limit)
m, [GeV]
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PURDUE

UNIVERSITY

[s=196Tev 1 fEM_ <135 GeV use v
“WZ H and Hobb

—Trigger on
leptons or met

Em>135 GeV direct production and

0 H-WW
__g‘ 70 |E\rents produced at CDF in 1 fb'1|
g 60? : H : :

50¢

Events

Sk H S WWOT
20 "WH > 1vbb
: ZH —vvbb

o 7H lbb
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Higgs Mass (GeV/c)
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B Strategy:
— Optimize lepton selection to improve
Z— /(¢ acceptance by 70%
—Improve S/B :
» Two loose b-tag: 50% efficient, 1.5%
fake rate
» One tight b-tag: 40% efficient, 0.5%
fake rate
—Improve mass resolution

» Use MET to improve mass resolution

using NN since no real MET expected

MET likely from Jet 1 Jet 1

Lepton 1

Lepton 2

et 2

EPS Manchester 2007

ZH—0bb

—ecWVix Tag EMiciency for Top b-Jels

- OB
e f Tight SecVix
3 0.5 = Loose SacVix
= c
= C
E el - CDF
=] -
03f secondary
02f vertex
. L Top MC scaled o match data
' Only b-jets with E.>15 GeV
n:
0 02 04 0& 08 2 14 18 1.8 2
jet n
Jet Energy Resolution
0.25
B - Correction
B —*—: —e- Standard CDF
0.2 0 - ~e- NN JetCorr
- —o—
B -
0.15— e
B —— o
B —— I
E —— —— +—H—+ +
0.1— e
- +++_._ -+ _+_
: —0——0——.—+++
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Daniela Bortoletto 4



tt NN Output

B Reduce the background with
2D NN:

—
e ks

ZH

—Training on ZZ, Z+bb, tt and wéﬂ;_
ZH MC @ by
—Fakes and mistags from data Q

Mistagged NN Output

Z+jets versus ZH
ZZ NN Qutput

Z+bb NN Output
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B Single tag

CDF Run Il PreliminarJLdt =11b"- Single Tag

T

Expected: 101.6 £17.8

Data: 100 events

L)

Signal regio-

E Double tag

CDFRun I Prellmlnary_[ Ldt = 1 fb' - Double Tag

3

Number of Events
w F
N G w b s @

[N

1.5

=
o

QT[T T[T [T T [T T

CDF 1l PreliminaryJ Ldt =0.97 - 1.02 fb’

¢ Data - Double Tag
Standard Model Backgrounds
——— ZH—> lbb X 10 (M, = 120 GeV/c?

= ©

N
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Projected Slice (Z+jets v

S/B =1/4

5/1015)

[
o 5¢ CDF1I Preliminaryj Ldt=097-1.0218"
c -
e 4.5 e Data- Double Tag
['TRA Standard Model Backgrounds
S E —— ZH— libb X 10 (M, = 120 GeV/c})
5 3.5 - tt Content of SM Bkg.
o =
E 3¢
El E
225
2fs
1ok |
= -e- E.-
5E :|
ok | N | P——
4] 0.2 04 0.6 0.8 1

NN Projected Slice (ZH vs tt)

Expected: 12.8 £3.5

Data: 11 events

(before selections
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Limits

m,=115 GeV
1fb 1tag |2tag | Comb.
oxBR (pb) [2.3 1.9 1.2
Observed |(2.2) |(1.8) |(1.3)
(expected)
Limit/SM
Observed |28 23 16
Expected |(27) |(22) |(16)

Major systematic uncertainties:

Z+ jet Background shape

Z+ heavy flavor

Jet Energy scale

Total systematic shift in 6~ 0.19 pb

o * BR/SM

—

95% CL Upper Limit

=3

—
=]

1

CDF Il Preliminary f Ldt= 1.0fb

- Observed

95% CL o over SM

expectation
e

100 110 120 130 140 15[]2
My (GeVic))
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PURDUE

UNIVERSITY

Observable

Lepton(e/pn): Pr>20 GeV, | n |<1

Missing E;>20 GeV

2 jets >15 GeV ( and b-tagging)

Backgrounds:
Non-W QCD (lepton fakes): Data based estimation

Mistag : Data based estimation
W+Heavy Flavor (Wbb, Wcc, Wc): Data and MC based estimation
Other standard model background (tt, single top, di-boson, Z—tau tau):

MC based estimation
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NN Taggin

E Apply neural net b-tagger on the information of SECVTX to improve the
separation between b-jets and c-jets or light-jets

E NN input: Lxy significance, vertex mass, pseudo-ct...

b-l Network

b-c Network

i — tf MC SVX-tagged bottom jets . 012
g —e— fiMC SVX-tagged charm jets - 04
0.H ) = ]
] —e— {iMC SVX-tagged light ts C 008
0.08 5! -
| 0.06
0.06 C ]
. 0.04-
[}.N: E2 J
0021 S
I-like fi . . | ~r b-like  c-like
1

0 0.2 0.4 0.6 0.8
b-l Trained Network Output

—— 1i MC SVX-tagged bottom jets

—— {i MC SVX-tagged charm jets

—— i MC SVX-tagged light jets

0.2 EI.I4 0.6 0.8 1
b-c Trained Network Output

Keeping 90% of true b-jets, 65% of I-jets and 50% of c-jets are removed!

EPS Manchester 2007
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At least 2 b-tagging

(double tag)
NN b-tagging is NOT applied

CDF RUN Il Preliminary

o 160r
"GC: - —e— Data(955pb™)
Lﬁ 140 - |:| W+Heavy Flavor
‘5 B [ ] Mistag
120 .

E - nggs - non-W QCD
o 100 [ ] Diboson/z’— tt
g - [ ] ti(6.7pb)+Single Top
Z 80:— S\ Background Error

a0l —

B NN

b S

201
________ of | | | |

W+1 jet W+2 jet W+3 jet W+=4 jet
Jet Multiplicity

‘ Results WH—/v

22 SECVTX without NN

Events / 20 (GeV/c?)

n

—
o

CDF Run Il Preliminary

—— Data(955pb ™)

|:| WiHeavy Flavor
|:| Mistag

- Non-W QCD

[ ] Diboson/z®—tr

[ ]1i(6.7pb)+Single Top

e N
§ Y Background Error
E
—— WHx 10 (m=115GeV/c?

T T T | T T T | T T T | T T T | T T T
Z
T

=]

B

— ‘_*_

| | '| | | |
Pl T - EENEEY A NE

0O 50 100 150 200 250 300 350 400 450 500
. 2
Dijet Mass (GeV/c")

Expected 44.2 + 8.5
Observed 39

illllllll
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Systematic Uncertainty

Source Uncertainty (%)
= ltag w/ NNtag > 2tag
Lepton 1D ~2%
Trigger < 1%
ISR 1.8% 4.3%
FSR 3.2% B.6%
PDF 1.7% 2.0%
JES 2.3% 3.0%
b-tagging 5.3% 16%
Total 7.2% 19.1%

Higgs Mass Upper Limit (pb)
(GeV/c?) Observed Expected

110
115
120
130
140
150

3.9
3.4
2.5
1.6
1.4
1.3

2.2
2.2
2.0
1.8
1.7
1.5

CDF RUN Il Preliminary

—~10%:

.8_ s —e— Data(955pb™)

— B — (Expected £10)

o —=— CDF RUN Il (319pb™)
0 {0% ——— DORUN I1(378pb’)
T E e (DO Expected)

T B —— Standard Model(NLO)
T L
m 10F
X
=
' 1E
| 2 i About 10 x SM
a1 o'

5 |
_2HIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIII

105 110 115 120 125 130 135 140 145 150
. 2
Higgs Mass (GeV/c))
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W/Z—MET and

B This final state can
be used to search for:

ZH —vvbb

WH — {Vbb q " I/
® Signal has a distinctive i d
topology
— Two jets
* |n|<2.0 and one |n|<0.9
. ET,jet1 > 35 GeV
« ET,jet2 > 25 GeV
. AR(j1,j2)>1.0
* No other jets with ET> 20 GeV, |n|<2.0
— Large MET (>50 GeV)
— b-jets (use b-tagging)

EPS Manchester 2007 Daniela Bortoletto 12
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Z/\W—MeT and PURDUE

B Unbiased analysis

Min. 1 lepton

2nd jet

Fake Missing E;

No leptons

Control Region 1 — QCD

» Veto events with identified leptons
« AD(j2, MET)<0.4

23

Extended Signal Region
* Veto events with leptons
. A®(j2, MET)>0.4

Daniela Bortoletto 13

EPS Manchester 2007



‘ Results

Tight SECVTX applied to this analysis
both for single and double tagging

Dijet mass in CR-2, =2 Tag

E ;o CDF Run Il Preliminary, 0.973 fb’
g - Z+h f.
§ i ) Whf.
=z 8- Diboson
I B Top
6 ‘ I QCD hf.
- B vistag
I ——Data
41— /] JES uncert.
2

0 50 100 150 200 250 300 350

Double b- tag CR2 :

Sensitivity Optimization performed in
extended signal region:

* E;; > 60 GeV and ¢(E; ;, MET) > 0.8

 MET > 70 GeV

* H; =scalar sum of the jet Et-s

* Missing H; (vectorial sum of jet Et-s)

* Missing H; / H; > 0.45

Dijet mass in Signal Region, =2 Tag

> C .. -1
& - CDF Run Il Preliminary, 0.973 fb
0 8 Z+hf.
: 7 B W-h.f.
25 - Diboson
6 B Top
s- Double | M achhst
n B Mistag
4:_ tag ——Data
C —zh115 (xX5)
33_ 7] JES uncert.
21—
1=

0 50 100 150 200 250 300

M, (GeV) M, (GeV)
Expect 14.8 + 2.65
Observe 16
Daniela Bortoletto 14
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CDF Run II Preliminary (0.973 i)

. 5 --------- VH-s E; + bb Expected 95% C.L. (+10)
Exclusion :-~——"
= = :i; i ZH> £, + bb Observed 95% C.L. /%a” ; .
I I m Its 8 R WH—> ; + bb Expected 95% C.L.
) WH-> §; + bb Observed 95% C.L.
10 =
Systematic uncertainties: ;
B-tagging: 8.6 % for double tags -
Jet energy scale: 7%-26% F
Luminosity: 6% B T IR i TS
_ _ Higgs Mass (GeV/c")
Z/W + heavy flavor normalization: 40%
MaSS I:‘expected/ GxBR I:‘expected / GxBR I:{expected / GxBR I:zobserved / GxBR
(GeV) ZH WH VH VH
110 22.5/2.2pb 27.9/4.6 pb 12.4 (+5.1/-4.0) /3.3 pb 18.9/5.0 pb
115 | 28.0/22pb | 33.0/45pb 14.4 (+7.0/-4.7) /3.1 pb 22.0/4.7 pb
120 28.3/1.8 pb 37.8/4.1 pb 16.4 (+7.1/-4.7)/ 2.8 pb 25.1/4.3 pb
125 33.1/1.6pb 46.5/3.9 pb 20.7 (+8.2/-6.1) / 2.8 pb 32.4/4.3 pb
130 42.0/1.6 pb 58.3/3.7 pb 24.8 (+8.6/-7.1)/ 2.5 pb 40.4 /4.1 pb
135 55.1/1.5pb 76 /3.4 pb 32.6 (+15.2/-10.3) / 2.4 pb 51.9/3.8 pb
140 75.3/1.4 pb 104.7 / 3.2 pb 44.9 (+18.2/-13.5) /2.2 pb 67.3/3.4 pb

EPS Manchester 2007
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Missing E;

144.8 GeV Double-tagged event

Leading Jet E; = 100.3 Ge

Di-jet invariant mass =
82 GeV

EPS Manchester 2007 Daniela Bortoletto 16



CDF Il Preliminary

R I"I-I-:l-llw]:lll:l: 11b-1 I
------ Expected WH->Ivbb
e T H->vvhb: 1 fb-1
...... Expected ZH->vvbb
s ZH-=1Ibb: 1 fb-1
Expected ZH->1bb
H->WW-allvv: 0.41b-1
Expected H=WW-z1hv
s (DT combined: 0.4-11b-1
llllll Expected CDI % 15
...... DO combined:0.3-11b-1

[—
<

95% CL Limit/SM
—_ =
= <

120 140 160 180 200
Higgs Mass (GeV/cz)

Combinatic PURDUE

B Combination of all
CDF channels and
with DO in ongoing

e Tevatron Run Il Preliminary
= 1
35E -+==:» D@ Expected J.Ldt=0.3-1 .0 fb

R~ S TERPE CDF Expected

30—

S

s

25 ...... _|3
. b
1

JJJJJJ

umn Tevatron Expected
== Tevatron Observed

P00 110

I | l
120 130 140 150 160 170 180 190 200

. . . GeV/c?
CDF Combination does not include M (GeVIe)
the improved llbb analysis ICHEP 06
EPS Manchester 2007 Daniela Bortoletto 17



Outlook PURDUE

20y o W o T
. . . on
E Current limits with 1 b ST T I T T
B 2.5 fb"have been collected o
. "B2500
B Tevatron operating well = 6 fb™! by 09 §
2000 -
Y — E
| oo | =1500 -
== 2007 , :
£ 7 — 15mAr | 7 updated model E‘1000 L
_-E‘ N T sce:mlr'i"as ltod
E (22-35 mA‘hour) 500 - Delivered .
3 51 To tape
E 4 i 0 ...................
@ 1000 2000 3000 4000 5000
g 34 Store Number
B ZH MC
14
1=
S i

9/29/03 Q29/04 9/30/05 10/1/06 1002407 10/2/08 10/3/08 L
Date 08 B

B Improved analysis methods

B Improved triggers implemented
— Ex. New Calorimeter trigger

E We keep working and searching

—— Level-3 ME, (scaled)
— Old ME, > 35 GeV
—— New ME, > 35 GeV
—— New ME, > 15 GeV

ME, (GeV)
EPS Manchester 2007 Daniela Bortoletto 18




Backup slides
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2350

5 CDF Il Preliminary JLdt =097 -1.02 fb"

>

w300 e Data- Pretag

[T

o

3250 . S.M. Backgrounds w/Alpgen (Normalized to|Data)
el

5200 - S_M. Backgrounds w/Pythia (Normalized to Data)

150

100

50

il

0 0.2 O.L;l‘ 0.6 0.8 1
NN Projected Slice (ZH vs tt)

Number-of Events

Z+jets

!

B CDF Il Preliminary J.Ldt =097-1.02fb"
200—

. e Data- Pretag
000

Lo . S.M. Backgrounds w/Alpgen (Normalized to|Data)
800 - S M. Backgrounds w/Pythia (Normalized to Data)

0 02 04 06 08 1
NN Projected Slice (Z+jets vs ZH)

EPS Manchester 2007
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€@ Resuits WH- —

=1 SECVTX with NN tagging

CDF Run Il Preliminary

CDF RUN Il Preliminary “o 1200 e Data(@55p5")
8 i > T
S1200 —e— Data(955pb™) é’ - L] WHEEW Flavor
> i [ ] w+Heavy Flavor ~ 100 [ ] Mistag
LU - ) o i [ Non-wQCD
e - [ ] Mistag [ i
21000— - non-W QCD "a i N |:| Diboson/Z’—tt
[y N 9L apl . :
0 \\F\ \ I:I Diboson/Z®—s <t 5 i |:| 1t(6.7pb}+Single Top
S 800 = . = - WY Background Error
= [_11ti(6.7pb)+Single Top T e R
o * my= evic
< ?X v Background Error 50__ AN ;
600 i N
- 40[- %
B N N
400 = = i N
B S - " .
L 20— X
2001 - I
I = 0 1 | I L1l .
------ 0 | | | 0 50 100 150 200 250 300 350 400 450 500
W+1jet W+2jet W+3jet W+=4 jet .. 2
Jet Multiplicity Dijet Mass (GeV/c))
Expected 394.4 + 66.6
Observed 421
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Backgrounc PURDUE

A few examples! Tight SECVTX applied to this analysis
both for single and double tagging
Dijet mass in CR-2, =2 Tag

Dijet mass in CR-1, =1 Tag

> . 1
§ 10“5— CDF Run Il Preliminary, 0.973 fb E ol CDF Run Il Preliminary, 0.973 fb’
< - Z+h f. 10 i Z+h.f.
.§ ol .W.+h,f, \g i I W+h.f.
= = Diboson = 8- Diboson
. I Top I B Top
102 - I QCD h.f. - 1 QCD hif.
- Il Mistag 6 N B Mistag
i —— Data : ——Data
10? []JES uncert. 4 [7]JES uncert.
1 = 2:_
10-10_ 200 400 600 800 100/0 o_ 50 100 150 200 250 300 350
Mii (GeV) ij (GeV)
Single tag CR1: Dominated Double b- tag CR2 :
by QCD and mistags Dominated by top
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Sighal Reg FURDUE

S/B Optimization is performed in extended . ¢(1st Jet, Missing ET) > 0.8

signal region . - .
Jet energy Missing E; > 70 GeV
Missing ET * Missing H;/ H; > 0.45
HT =scalar sum of the jet Et-s e 1st Jet ET s 60 GeV

Missing HT (vectorial sum of jet Et-s) Dijet mass in Signal Region, =2 Tag

> P“et mass in Signal Region, =1 Tag E 85 CDF Run Il Preliminary, 0.973 fb"
& o CDF Run Il Preliminary, 0.973 fb' 10 - Z+hi.
10 N Z+hf. ~u -
= T ) 2 £ B W+hi.
E, 500 S|ng|e B W+hf. z% s Diboson
= C Diboson 6F T
- tag I Top - Double =Q(2)D hi
mocon stag 1 e
—— Data
30 +Dr?1t?5( " 4 — zh115 (x5)
—z X - .
- : 3 /] JES uncert.
o0l /) JES uncert. -
- : 2r
10:— P 1:_
L1 =5z hi: 28 s 00 e 500
0 50 100 150 200 250 300 350 400
M. (GeV) M, (GeV)
Expect 251.0 + 43.2 Expect 14.8 + 2.65
Observe 268 Observe 16
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