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Tevatron at Fermilab
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Two General Purpose Detectors: CDF D@
Electron acceptance In|<2.0° |nl<3.0
Muon acceptance = = .. In|<1.5 |n|<2.00

1:}1 Silicon Precision tracking In|<2.0 |n|<3.0
Qalorlmet\er =4 InI<3 6 |nl<4.2
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Tevatron Run II Performance

e Integrated luminosity
- delivered so far: ~3.2 fb!

- recorded by experiments: 2.8 fb!
e Runllb upgrade of accelerator and

detectors completed by Fall 2006

e Detector data collection efficiency:

>90%

o Luminosities presented here: ~1 fb-'
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e Luminosity has been closer to the “design” profile
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Tevatron Run II Performance
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Clues to the Higgs ?

Tevatron: Higgs Mass Prediction via Quantum Corrections

t

M, = 76*3_, GeV; 114 <M,<182 @ 95% CL

Winter 2007

— 0.02758+0.00035 |f
----- 0.02749+0.00012 [ ¢
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Cross section (barns)

ot

Tevatron Cross Sections
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Total inelastic cross section.

Light quarks are
ubiquitous.

Plenty of W and Z
bosons — calibration.

Recent evidence of single
top quark production is an
important milestone

towards the Higgs boson.

The Higgs cross section is
10-" orders of magnitudes
lower than the total inelastic

Ccross section.
Narain, 7



The SM Higgs boson production

e Associated Production e Gluon fusion
e my, < 135 GeV e my > 135 GeV
— o(W,Z+H) % 0.15 pb ~ o(H) ¥ 0.45 pb
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The SM Higgs boson decays
e H-> ff, WW, ZZ

& H— bb HoWww
- couples to mass; & "
: : 2 bb Ul
- heaviest final £
state dominates §
0.1F <
| . e
® mH < 135 GeV cc
- H 9 bb 1{]_2. %
e my, > 135 GeV s
- H%WW 1“_3112}0‘ 190 140 160 180 200

my, (GeV/c2)

Tevatron can explore bb and WW(->{*{-vv) decay modes




SM Hliggs: Event Signatures
my<135 GeV

HOW — wbb HOZC — vwbb HOZO — 2ebb

m,>135 GeV
oo — HX - WWHX — 0wt

9

W/ZH — WWW?*/ZWW*, — g£gEjen




SM Hliggs: Event Signatures

HOW — wbb HOZC — vwbb HOZO — 2ebb

This Talk:
Associated Production
of W/Z and Higgs




HOW — tubb

e Require Lepton
- e/u pr; >20 GeV
- Inl<1.1 (DO-€e), 2.0 (DO w);
- <1 (CDF)

e Missing E; > 20 GeV
e Two jets w/ E; > 20 GeV

o Backgrounds: - One or two b-tagged jets
- Multijet backgrounds } e e
cSlumated 1roim dala
- Light Quark Mistag Rate
- W+Heavy Flavor (Wbb, Wcc, Wc)

e Use both MC and data
- tt, single top, di-boson, Z—tt — MC based

Narain, 12




WH: Dzero Cut Based Analysis

e Data Sample and distributions

[72] r - %) F -

c [L=10fp? W+ 2 jets Ceoo0l L = 1.0 fb W + 2 jets

. 2 [ D@ Preliminary g D@ Preliminary

W+2jet @ L
. LW +jets [ W +jets

Pretag = oo | Boco
i [ ]sM bkgd | |SM bkgd

1000:
2000

I I e 5009®
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&%* 50 100 150 200 250 300

20 40

W Transverse Mass (GeV) Dijet Mass (GeV)
o F
. = L L=1.0fp? W + 2 jets / 1b-tag 80~ L=1.0fb? W + 2 jets / 2 b-tags .
W+ 2J et g 300+ D@ Preliminary IEI\?VaErajets : D@ Preliminary IEI\E)VaErajets W+ 2J et
= =" | 2 btags
tt I tt
1 btag S T S 9
200~ COWH | COwH
= 115 GeV (x10) 40 115 GeV (x10)
V Expect 3.6
Signal events
____________ At M, =115 GeV

Narain, 13
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WH: Dzero Matrix Element Discriminant

o Use signal and background production Matrix Elements at

LO to compute an event discriminant:

B Py g ()
Pwu(Z) 4+ )_, ¢iPp i(T)

300
250
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D(T)

- Optimized for single top analysis

e Use 900 pb'! of data
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35E D@ Run Il Preliminary, L=0.9 fb*
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WH: Dzero Results

e WH Cross Section Limit

6 (pp —» WH) x B(H — bb) (pb)
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Number of Events

WH: COF Analysis

Events with 2 or more btags:

CDF RUN Il Preliminary CDF Run Il Preliminary
160 b _
: —e— Data(955pb™) § - —e— Data(955pb’)
1401 W-+Heavy Flavor o 12~ [ weHeavy Favor
B ] mistag Q, B [ ] mistag
120 I non-w QCD 8 10 [ Non-w QCD
- -~ - [ ] biboson/z°—1t
- [ ] Diboson/z°— 11 %) - e
100 E 6,700V Single T = gl NN [ ] ti(6.7pb)+Single Top
B + i SN\ R
[ tt(6.7pb)+Single Top Q L = S\ Background Error
80~ N NN WHx 10 (m,=115GeV/c?)
- 6 ] e
60__ AR : E
: E§S§§§§S§§§§§§§§SSS AN 4 __
401 R ??\M\\?????? NMIRHHRHg,HH S .
20 2~ i
oL | | | | = = Lol
W+1 jet W+2 jet W+3jet  W+>4 jet 0 50 100 150 200 250 300 350 400 450 500
Jet Multiplicity Dijet Mass (GeVi/c )

Expected: 44.2 £+ 8.5
Observed: 39

Narain, 16



WH: COF Neural Network Analysis

e Neural Network Discriminants (after btag)
- For single tagged analysis

b-1 Network b-c Network
1 MC: S\X-tagged bafiom jels N +— TIMC SVi-tagged bofiem jals
(BFY [~ - : : NE X o
. 1ME 3VX-tagged charm jts - ] —e— i M0 BV3-tagged cham jels i
0+ ) — ]
- —e— {{MC SVX-tagged lightjets ST} o WG SV tagued e
0.08- - )
3 - 0. 06
0,06 - ]
004 e E
el = el
I-like b-like  c-like _. |
0 0.2 0.4 [T 08 1 v 0.2 04 T 08 1
bl Trained Network Ourtput b-t: Trained Network Output

e Select 90% of true b-jets
e Reject 65% of |-jets and 50% of c-jets

Narain, 17



WH: COF Neural Network Analysis

e WH Cross Section Limits:

- —4— Standard Model(NLO)
=1 Tag &&>2 Tag

=1 Tag w/ NN Tag &&>2 Tag

10 CDF RUN I Preliminary(955pb ™) 10° CDF RUN Il Preliminary
7~ =
o ———— CDF RUN Il WH— Ivbb Search (319pb™) 8_ a —e— Data(955pb™)
£ of — 21 Tag — : (Expected +10)
= —— =21 Tagw/ NN Tag = I —=— CDF RUN Il (319pb™)
of —— =1 Tag 10%L ——— DO RUN 11(378pb™)
) :1 Tag W/ NN Tag E .......... (DO Expected)
— 22 Tag C

W*H) x BR(H— b
T

W*H) x BB(H— b

\\\\‘IIII{IIII‘IIII‘IIII{IIII[IIII[IIII[IIII

T T F About x17 SM
o : JoX
o) 2 & °
17}‘ L1 ‘ Ll 11 ‘ L1 ‘ L1 ‘ Ll ‘ Ll ‘ L1 ‘ Ll ‘ | 10-2 L1
110 115 120 125 130 135 140 145 150 105 110 115 120 125 130 135 140 145 150

Higgs Mass (GeV/c’) Higgs Mass (GeV/c")
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HOZO — ¢obb

. o (ZH) x Br(H —bb) = 0.085-0.02 pb.

I+

e Require Two Leptons
- ee/uu py >20 GeV [n|<2.5 (DO)

e Two jets w/ E; > 15 GeV

- Both b-tagged jets
o (72% b-eff and 6% lg-eff)

e Qut of Z mass window

e Backgrounds:
- Largest background from Z+jets} Estimated
e Scale to observed Z-peak Using MC
- LZ, Z+bb, tt
Multijet Fakes } Estimated from data

Light Quark mistags

Narain, 19
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1 btag

Events / 5 GeV

Events / 16 GeV

10°
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10%E

Z (—tt)H: Dzero Analysis

« Data sample corresponds to 920 pb*

D@ Preliminary (920 pb?)
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Z (—tt) H: Dzero Results

« For my = 105-155 GeV, look for excess in dijet mass window
- mH - 1.5W< MJ] <mH +1.5W (ee)
« where w is exp. width of M;; .

| + —
ZH—1 | bb
| 10 = — D@ Prel. (0.36 fb™
[ CDF Prel, (100 fbr) e R o

95% C.L. upper limit
(-==- expected limit)
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Z (—tt)H: COF Neural Network Aanlysis

e Strategy:

- Optimize lepton selection:
o 1°t Lepton p; (e/n > 18 GeV and |n|<1.
e 2" Lepton(e/u) pr > 10 GeV; [n(e)l<2.4; In(u)]<1.5
=Improves selection eff by 70% compared to
standard selection

- B-tagged Jet Selection:
e Jet E;>25/15GeV and |n|< 2

- Split data samples into two categories,

e Two loose b-tags

- Each 50% efficient, 1.5% fake rate

- Subsample with better signal to background
e One tight b-tag

- 40% efficient, 0.5% fake rate

=improves sensitivity to ZH signal by 1.5 Narain, 22



Z (—tt)H: COF Neural Network Aanlysis

e Improve dijet mass resolution et
- Missing E; from mismeasured jets ™ |

e Correct jet energies to parton
level Lepton
(Jet1 E;, Jet2 E;)

= Fn (Jet variables, MET variables)

o Jet variables : E, n, ¢, jet projection
onto MET direction

MET likely from Jet 2

L Jet2

Jet Energy Resolution

C Correction
oosf- %

e MET variables : magnitude and ¢ L+ DEv
- Use Neural Network to improve T e, ||
jet pr measurements. i RSSO, J( ﬁ’
e Inputs: Jet and MET variables + o1 ++++++++4L+
parton energies mf_ -t +
 Outputs: corrected Jet1 and Jet2 E
energies R T T N W

- For events w/ two b-tags, dijet

mass resolution improves from Narain 23
18% to 11% e



Z (—tt)H: COF Neural Network Analysis

e Two neural networks to discriminate
between ZH and backgrounds

- LZH vs Z+jets and ZH vs ttbar events
mmm.: Z+jet

h‘\-«.

Single Tagged Data

CDF Run i Frainhar{l.dt: 148" - Single Tag

ZH NN Output Pt NN

& opsonin ol
B .-'ru

Expected : 101.6 £17.8
Data : 100 events

Narain, 24



Z (—tt)H: COF NN Results

1fb-! 1tag |2 tag | Comb.
oxBR (pb) |23 |19 [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 o~ 0.19 pb

2

95% CL Upper Limit ¢ * BR/SM

—h
o
T IIII|

CDF Il Proliminary |Ldt= 1.0fb

— Observed

w=n Expected + 1o

1

B I o e e e s e e e e e e e e e

100 110 120 130

140 150 5
M 5 (GeVic')
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HOZO — vvbb

e Require No Isolated Leptons

e Two jets w/ E; > 20 GeV (D0O)

- Both b-tagged jets
72% (43%) b-eff and 6% (0.3%) lq-eff)
e Use angular correlations
between jets and missing E;

e Backgrounds:
- ttbar, W+jets, Z+jets, ZZ, WZ
- Multijet events (mismeasured jets)
- Light Quark Mistags

Narain, 26



Z (— v H: Dzero Analysis

o Signal/Background Optimization

Define event asymmetry (reject instrument bkg)
- Asym(MET,MHT) =(MET-MHT)/(MET+MHT) > 0.1

- Missing E; (MET): calculated using calorimeter cells
- Missing HT (MHT): calculated using jets

Further requirements
A(MET,jets) > 0.15 rad
A(MET,MTrkPt) < ®/2
(Where Missing Trk p: calculated using tracks)

Missing E;+2jet

| . 2 btags
ggooz D@ Run Il Preliminary —— Simulated Physics Bkg 8 - g@ Run |l Preliminar
E 800; (0930 fb-l) ——— Signal Region Data o 30 ; 1 y
z S (0.930 fb
@700 - Instrumental Background B -
= = 25 —— DATA
1 600 o N Il H mMC
o o0l Il TOP MC
500F - [ Z+jets MC
B [ JW+jets MC
400 15 ; I misc Mc
C [_]QCD
300 -
10—
200 B
100 5
%3 0.2 -0.1 X E—T 0: s =N
Asym(MET,MHT) 0 50 100 150 200 250 300 350 400

Invariant Mass (GeV)



Z (— vv)H: Dzero Results

e Limit on o (ZH)xBR(H—bb) extracted from
the the M;; distribution.

- Limit: 2.7 to 1.6 pb for m, = 105-135 GeV.

G (pp — ZH) x B(H — bb) (pb)

|

=
o

=

<
[EEN

ZH — vv bb

D@ Run Il PRL (0.260 fb*)
(---- expected limit)

"
LN ]
L]
L]
"
L]
bl
L]
-----------------------

D@ Run Il Preliminary (0.930 fb™
95% C.L. upper limit

(---- expected limit)

-~
-~
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-~
-
______
-~ -
- -
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-
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-
~-.
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Z (= v H: COF Analysis

e Define Signal and Control Regions:
- Use number of leptons and angle between jets and Missing ET.

- Control region 1 (QCD):
« Veto events with identified leptons
e AG(j2, MET)<0.4
- Control region 2 (EWK, top):
« 1 identified lepton
e AG(j2, MET)>0.4
- Extended Signal Region:
e Veto events with leptons

E-, > 60 GeV and ¢ (Ey,, MET) > 0.8 I X 5

MET > 70 GeV AO(j2, MET)
H; =scalar sum of the jet Et

Missing H; (vectorial sum of jet Et)
Missing H; / Hy > 0.45

>1 lepton

No Leptons

Narain, 29



Z (— v H: COF Results
e Double Tagged analysis

Dijet mass in SIG Region, > 2 Tag CDF Run Il Preliminary (0.973 fb'l)

— 103
> 30— .. -1 = =
& I CDF Run Il Preliminary, 0.973 fb <Y - Z+W-> (vII)¥ bb Expected 95% C.L.
o T —~ Data S - _
Q ogl - ZH—> W bb Expected 95% C.L.
2 []Z+h.f, S
c - Ty) - _
E i |:|W+h-f- o WH-—s (I)v bb Expected 95% C.L.
20| _ 10%
- [ |Diboson - e  Observed 95% C.L. limit
153_ BTop -
B IQCD h.f. [ e
1of I Mistag ol »
50 100 150 200 250 300 350 400 1
Mji(GeV) :|||||||||||||||||||||||||

110 115 120 125 130 ,
Higgs Mass (GeV/c")
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Results Summary

Limits on 6(VH)xBr(H—bb) production rate (my = 115 GeV)
e Dzero Results:

Channel (L~ 1 fb—1) | Exp. Limit | Obs. Limit | SM. Exp. | Obs/SM (Exp/SM)
WH (Cut Based) 1.1 1.3 0.13 10(8)

WH (ME Discriminant) 1.2 1.7 0.13 13(9)

7(= U0H 2.8 2.7 0.08 33(35)

Z(— w)H 1.9 25 0.08 31(24)

e CDF Results

Channel (L~ 1 fb-1) | Exp. Limit | Obs. Limit | SM. Exp. | Obs/SM (Exp/SM)
WH (NN Discriminant) 3.4 2.2 0.13 17(26)

Z(— )H 1.3 1.3 0.08 16(16)

7(— vw)H 1.2 1.3 0.08 16(15.4)

Narain, 31




Results Summary

CDF Il Preliminary

10— .
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«About 1 fb analy d both by CDF and Dzero
N |

e,

«Sensitivity approaehing the SM cross section!

e e Y

— L

. A factor of 1.5 - 2 more data beiné c

analyzed and results will be available in the near
future.

Tractricious, des gned Q  Wilson and constructed by members of the Technical Support Sectien, sits in from

the Industrial Complex. The gtructure is comprised of 16 stainless steel outer tubes, made from scrap cryestat tubes
from Tevatron magnets, angf'l6 inner pipes from old wel| casings. Each tube is free standing and designed to withstand
I LS

winds up to 80 mph.




Consitency of the SM

« What IF NO SM Higgs found???
Y4 2009-10

Winter 2007

M imit = 144 GeV

6
| "—"-oﬁ(f)d =
5 - — 0.02758+0.00035 B
: -=== 0.02749+0.00012
4 *++ incl. low Q° data ]
N?< |
S 37 |
5 |
1 | a
0 | Excluded N, _‘,.:5' Preliminary-
30 100
my [GeV]

300

6

0

Gi‘;i]newald, Heirj:';tz, Narain,
Schmitt, hep-ph/0111217

Excluded -

20 100

my (GeV)

e SA0P) _4(M2) =104, M, = 20 MeV, dm, = 1 GeV
e could lead to inconsistency within SM framework

400
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