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Tevatron Description

@ pp collisions at /s = 1.96 TeV
@ Peak luminosity ~ 3 x 1032 cm~—2s—1§

@ CDF Il collected > 2 fb~!

@ Analyses today use ~ 1 fbo~! BTCR o % pain Thiector
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Tevatron Description

Tevatron Collisions I |
' Two main areas
- Total inelastic < B Physics
£ i . = “High" Pt Physics
8 m In1fo =>SM (QCD)
c 10 bb = SM(EWK)
'-% 106 b 1x10 C>5M(TOP)
] i =Higgs, BSM
P W
7)) 8§
g 1 6x10° < Trigger and anaIKses being
s Z . retuned to match the
(&) 16 6x 10
c i challenge
2 < As luminosity increases
prer) 12
g .Pb\ e experiments are forced to
g . deal with new challenges
£ Higgs (ZH+WH) | At stake the capability to
P 10 go down the ladder and
10900720 740 160 18 200 explore the fb region

Hiaas mass (GeV)/c2
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Tevatron Description

CDF & DO RUN Il

Ra_ I;;r;
CDF underwent serious
upgrades:
< New tracking system

=2COT, new silicon
tracker (6-7 layers
DS+1 SS

< New forward calorimetry

< Tracking at trigger level
= Tracks at L1
=Displaced from PV@L2

bk

DO: change of philosophy
<~ New tracking system
=Based on a 2T solenoid
=>New 8 layers fiber tracker
= Secondary vertices
capability (SVX)
=Recently added SIIb) an
extra layer of silicon sensors
<= Improved muon coverage
< Upgraded trigger (IIa, IIb)
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Tevatron Description

Some DO Results

After ICHEP
< B physics:
= LB lifetime in 1.3 fb-1

= Search for Bs oscillations
inl2 fb-!

o QCD
- EWK
= Wg in 900 pb-?
- Top
= o(ttbar)
= Searches
= GMSB SUSY
= Fermiophobic Higgs
= ZH

Winter 07

< B Physics
= B.~>pp 2 fb-!
o QCD
= Triple jet differential
cross section 1.1 fb-!
o EWK
=>Zy*>4| 1 fb-?
< Top
= o(ttbar)
- Dilepton
> L+jets
= Top mass
= Single top
< Searches
= 2n generation LQ
= WH (many channels)
= Updated SM Higgs limit
= H>1T
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Some CDF Results

QCD Top
< b-bbar diigf prod%cﬁoh) < Top mass in all-jets channel
cross section (260 pb! < Production cross section
o Z+jets cross section (lepton+isolated trac
measurement (1.1 fb7) < Search for W' using the
o Z-> b-bbar single top sample
= Dijet production cross = Top Production Mechanism
%_!ho measurement (1.13 (gg vs qq)
B Physics < Top Charge
o Lifetime measurements: New Phenomena
= < Search for New Particles
< Rare decay searches: Coupling to Z+jets (b ->Z+b)
= in 1.1 fb™!
o SUSY trilepton combined
= limit - 0.7 fo 1 fb-!
EWK o High—rrsass dielectron (Z'
= Observation of WZ search) - 1.3 fb-!
roduction _ Higgs (fb-1)
; \n}”g\i:gei%ﬁz production - %_,_)ﬂ SUSY Higgs
' o H>WW ME-based analysis

o ZH->1lbb 2D-NN and MET
fitter analysis
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Tevatron Description

CDF Detector Overview

@ Good tracking resolution,
o(pr)/p% ~ 0.1% GeV~T
@ Precise mass resolution

@ Silicon Vertex Detector

@ Excellent vertex resolution
@ Crucial for triggering

@ Large acceptance and good ID
for leptons

@ Kaon/pion separation

@ dE/dX in the COT
@ Time of Flight
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CDF Tracking System

m
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Tevatron CDF ibero B Sector Bs Oscillations =, Observatior Higgs Search

Universidad Iberoamericana Participation at CDF

Aug 2005

@ Fabiola Vazquez

@ Salvador Carrillo
One year at Fermilab:
Togheter with Univ. Wisconsin we
set ready the most forward CDF
muon detector (Rec.& ID Eff).

[ .
E-mrzl(EHv)Eh:mh" &

o Winter 07: CDF improved
Jan 2007 its analysis by extending
acceptance fore and
@ Miguel Mondragén 7 / /H
Postdoc for 2 years at CDF:
Started working on Silicon Detector.
Now also starting in IMU & trilepton
SUSY analysis

Ao e n oW

o &
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B Physics

B Physics at an Hadron Collider |

Thought to be almost impossible
< Exploits large cross section
=Need tight selection at frigger level
=Tracking cagabili’ry at L1 and displaced track
trigger at L2 at CDF
Challenge at high luminosity
<o Some very recent results:
=Bs oscillations [Observed by CDF with 1fb-1]
=B->hh [1fb-1]
> A in B> Kr, B, >Kxn
>BF: B>KK B>=nK, B>Ap
= Search for rare B decays [DO with 2 fb-1]
2>Bs>pup, B,oup

=Measurement of B, mass, new B Baryons states,
excited states
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B Physics

B states covered in this talk

Mesons:

Baryon:
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B Physics

B,  First direct Observation J o

* Low production rate: « Optimize selection cuts
flb - B) ~0.05 % on B* - Jiy K*

* Weak interaction decay, e.g.

CDFI Breliminary 1 116"
T

T
N(Bu): 11400 + 100
. d J/lp p./e X 1000 *M.B::- szma‘:m B

[ 0125101 Mevic®

- observation + lifetime, [ B+
lepton easy to find, “F 1
but v missing
=> unprecise mass
measurement

Events/(2 5 MeV/c?)

500 |- -

250 -

- b i — n
. > J/llj L (eXCIuSIVE!) S - 520 5‘30 5.40 550
My K) (GeVic®)
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B Physics

B; Observation (cont.) " o

CDFIl Prefiminary 1.1 fo”' PeakinJ/iym

25 ——— —— — —
' ' mass spectrum
o, 20 with > 6o
- ..
2 5 h‘ . significance
:
- i
g 10
8 i
= 5 i .
i i Experiment better than
Y S SR B S e Lol st B theory
56 6.0 6.4 6.8 72T T T T
Mass(JAyr) GeVic® . m%::gr“;“‘* E
— v potential NRQCD
m(B,)=6400 +400MeV/c’ - ]
(old world average) T o i
E e P T Ty
2wl ]
m(B,_)=6276.5 +4.0 £2.7MeV/c

L L L L L L
(21 [231 07 (241 [s1 [8] (6
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B Physics

N Search

0‘ "§Ifgm o

« pseudo-scalar bb state n,

not observed yet,
LAST undiscovered
ground state meson

* Predictions:

« BR(n, —» J/y J/y) =7 x 10!
= 0.2 — 20 visible events per fb!

* m(Y(1S)) - m(n,)
= 30 — 160 MeV/c?

e I'(m) <I'(m) = 25.5 £ 3.4 MeV
» Search for n, — Jiy J/y

Entries /10MeV

Optimized cuts for search

10,

[ CDF Il Preliminary 1.1 fb™

I PWL i

Jiydiy Mass(GeV)

No evident resonance
==> make a limit
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B Physics

ny Search (cont.)

53 - 512 ________ GCDF I Preliminary 1.1f0"
z CDF Il Preliminary 1.1 fb = 459 CL e
bt Ny = Jy Jhy S0l
£ | Tighter cuts for limit 21
& 2 =8l
t a
6 i %
Search window |3 1 ¥
* * I 1 ¥
1 4« 7 <
2l
T Y S—T L Y B w—
Jiydiy Mass (GeV) n, mass (GeV)
a(pp —n,X; |n(n,)|<0.6, P (n,)>3.0GeV )x Br(n, —J lwd ly)

<5.0%107° (95%)
combined with
other results
a'(p;—\an;n,plcuts)x Br(n, »JlyJlp)x lBr(.Ilw—w,u)]z< 2.6pb (95%)

olpp ~H~dluX;

n(d lw)|<0.6, P(J ly)>3.0GeV )
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B Physics

Orbitally excited (L=1) B « Mesons (B (S)**)

HQET (m, — e): * According to HQET spin of
spins of quarks decouple b-quark is decoupled

12 => D-wave needed for Spin-

10127
Ja= = 32
® , s L Parity conservation (B (3/2))

J =8, jq % . -
1 »]= 3/2 states are narrow

*j, =1/2 states are broad

> don't expect to observe them
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B Physics

Orbitally excited (L=1) B Mesons (B™, B)

Mass [GeV/c?]

6.2

F L=0 L=1

81 12 12 =32
60FSf o 1t 0o 1T 1 2
5.9} B, B, B, B,
58 S-wave K : -
57 B,
5.6F
5.5) 4_ “D-wave K
5.4f
53F g B,
5.2: u,d

Pions instead of Kaons in case of B;s

% (*)
«B," decaysto B"'n

« B " decays to B”K,

B “n forbidden by isospin

> expect 3 peaks
B(s)l - Bi.:d
B(S)Z

B, » B,, @ (k")

*
_)Bud
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B Physics

B*" First direct Observation

D& Runll Preliminary

1 B” - B™ 1, B* - B* 7 (yundetected)
B" > Jy K"

@:B"in 0" * channel COF Run Il Preliminary: 370 pb”

1 o0 .
: 1: et Fit Prob = 70%  — Totalfit
E — BB

120 8- B »D'm ..

- 3 & _ B, B n

80 =s= W g

50 g It E «=++= Total background

o H ZE Lo Non-Comb. Bkg.

i

B2 025" 03035 0.4 045 05 055 0.6 065 07 %" i L TR S, )
] 0.2 04 06 08 1.0

M(Br) - M(B] Vie) 8
(87)- IKE) - (Gevic') Q=m(Br)-m(B)-m(x) (GeVic’)

use of Likelihood ratios (B* = JAy K* not shown)

DO (1 b)) CDF (370 pb")
m(B) [MeV/c’] 57208+ 25+ 1.1 [5734+3 £2
m(B,)-m(B) [MeV/c*l o524+ 3.0+ 1.1 4+ 6+

AT

©
2 6\0\ o5
\S'Q&\Q‘O%g

W
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B Physics

B.” Observation

pE—
¢ Reconstruct Bs** — B K- (e 7 v

5000 | .\‘.

B** — B*y (y undetected) Jo A w

[
B+ - Jl\l’ K+ (DO, CDF) 2000 v..____*kj '\,* B 3 IyK
o Y
B+ — D° 1 (CDF) R

) MiJy K (Gevie)

CDF Run 2 Preliminary 1.0

CDF Run 2 Preliminary  1.0%"

Use of multivariate B dryk”

analysis methods § om0

Neural Network (CDF)

Likelihood Ratio (D0) ‘

M{dAy K*) [GeVic?) M(D =) [GeVic’]
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B Physics

B! Observation (cont.)

First observation of B,,” and B,

D& Runl Preliminary, 115" . CDF Run 2 Preliminary 1.01b"
» 125 L0
H v ex =
$ qo0 | N = 35
k-] W
3 N 30
E 75 hu — Background
: g2
50 8 20
g
25 %15
=
h (I_J“ 10
% 0025 005 0075 01 0125 015 5
M(B"K)-M(B")-M(K) (GeVic?)
d
foo 0.05 0.10 0.15 0.20
M(B'K)-M(B")-M(K) [GeV/c?]
"
m(B52 ) [MeV/c?] 5839.1+ 1.4+ 1.5 DO

5839.64 + 0.30 + 0.14 + 0.5 (PDG) CDF
m(B,,) [MeV/c’] 582041+ 0.21+ 0.14 + 0.6 (PDG) CDF

21/103



B Sector
00000000000 8T

B Physics

2, Observation

| CDF Il Preliminary, L = 1.1 1b”

* A, only established

1400 .
b baryon E — Ay Ag Py A, - E, T, Comb. Bkgnd.
=120 ++:+ A, semileptonic + other
« — B semileptonic + other
. Eb(")i — Aho Tt 21000 ==+ A, and B d-track decays
with § oot S
L
0 B z
Ay AT, g b, ~3000 A,
Af->pKT 400
in a blind analysis = |
Y5 = 55 6 6.5'\‘ GaVi ,Z
=172 [E312 mitemygeve
.=-1 |bdd T~ ) Xy property Expected values (MeV /c?)
3 ba b,U m(%;) - m( AY 180 - 210
|3= 0 |bdu Eb ):b m(Z;) - m(,) 10 - 40
=+ + e m(;) - m(3;) 5-7
L=+ Thuu E Ey (2,),T(5)) ~8, ~15
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B Physics

2, Observation

COF Il Preliminary, L = 1.1 f5' __Fit Prob. = 76%

* Four peaks in unblinded | e
signal region + 5 — Background
“ S’

s0f- ‘

— LA

* Significance > 50

2 First observation of
charged £, baryons

Candidates per 5 MeV/c®

sof- [— TotalFit |
. Unbinned ﬁt: Z; - }_B;a:kﬂ:;:.lnd
m(z,) = 5816 "'°_ £ 1.7 MeV/c? o — e

- .." .|

m(z,") = 5808 *2°__ + 1.7 MeV/c? a |
m(z,”) = 5837 21 _+ 1.7 MeV/c? o

8 0 0.05 0.10 015 0.2¢
m(z,™) = 5829 “1¢__+ 1.7 MeV/c? Q= AR - () - (GeVich
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B Physics

Broad spectrum of very competitive or even unique
B state studies at the Tevatron:

First direct observation of B,
Most stringent limit on m, production

Most precise mass measurement of both B™ states
First observation of B," and B,

First observation of Z* ’zh-*’zh-‘z;

¥ ¥V ¥ ¥ ¥

For more information see
www-cdf.fnal.gov/physics/new/bottom/bottom.html
www-d0.fnal.gov/Run2Physics/ WWW/results/b.htm

Much more data expected to come o
2 Improved precision, new discoveries?
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Life Times

@ Update on BT, B, Bs and A, lifetimes using exclusive decays
containing a J/V

surements B,

SLD (ABE 973) R —— BABR (AUBER — CDF (ABE 958) —_—
1.660:0.060:0.050 ps 1.546:0.03210.022 ps 1.340 (+0.230-0.190) 0050 ps
ACCIA BABE ——
166020,060:0.030 ps 1.52920.012:0.029 ps CDF (ACOSTA 05 = 1
W (ABE 980 —_— CDF (ACOSTA 02 —— 1400 +0.150-0.130) 0.023 ps
1.63720.058 (+0.045-0.043) ps. 1.49720.073:0.032 ps.
SBIENDI 9 BAB —— DO (ABAZOV 05B) ——
1.64320.03720.025 ps. 153310.03410.038 ps 1.444 (+0.098-0.090) £0.020 ps
ALEP (BARATE 0 L —— DLPH (ABDALL. 04 ——
1.64820.04920.035 ps +0.021:0.031 ps DO (Run 11} ——
A BERT 01F) — CDF (ADOSTA — 1.490:0.080 (+0.010-0.030) ps
167320.03210.023 ps. 1.54020.050+0.020 ps
. STA 02 —_— \B . COF Run 11 Prelim. -
1.63620.0580.025 ps 1.534:0.008:0.010 ps. 49440.05440.009 ps.
SDALL. 048 —— DO (ABAZOV 05w —
1.62420.014:0.018 ps 1.530:0.043:0.023 ps
3 — BABK (AUBEKT 066 — PDG World Average | 142040088 ps
1635:0.01120.011 ps 150420.013 (+0.018-0.013) ps
CDF Run 1 Prelim. CDF Run 11 Preti —— PDG Flavor specific b
1 00195 p 1.44220.06620.000 ps
World Average 1638:0011 ps World Average 1.530£0.009 ps
14 148 172 12 13 14 15 16 17 3 1 14 18 22
B lifctime [ps] BY,—J/y § lifetime [ps]

= Measurement for Bs more precise than PDG value
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Bs Oscillations

Bs oscillations

DO has a limit (900 pb)
< 14.9<Am <21 ps*(90% CL)

CDF, with 1fb-! presents

<~ Observation of B,
Oscillations

PRL 97, 242003 2006

= Am,=17.77+0.10(stat)+0.07
(syst) ps-! : > Bo observation

< Same data set used for B
previous (spring 06) limit
=Improved selection T)K—F /Lﬁ
=Improved analysis g,

technique \j
T —s— data

=A lot of efforts
Al —— soeine with A1 28

- datazic & O5% CLEmt 17.2ps
16456 O sensitrity )3 ps”

Amplitude

=

nr & :
Mo L oo ot oL tom

-

Fitted Amplitude
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Bs Oscillations

Silicon Vertex Trigger (SVT)

J/V — pp, B — pp
@ pr(u) >1.5GeV | @ Exploits long B lifetimes

One displaced track + lepton JEERERESSEIEIREEM I
B — fuX (includes beam width)

@ pr(¢) > 4.0 GeV @ Very fast response at L2
@ pr(track) > 2.0 GeV
@ 120 < dy < 1000 m

Sketch of a B Decay

P,z 2 GeVIc; gy <
Fo,=47 um

Two displaced tracks

B— hh, b, Bs miXing t::: BDecay Point
@ pr >2.0GeV o )
@ Y pr>55GeV 2000 ‘ i B Production Paint
® 120 < db < 1000 sz ST R e parnen
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Bs Oscillations

CDF Run Il Preliminary L=1.0f"
@
= -« datat1c A 95%CLlimit 16.7 ps’
%_ 16450 O sensitivity 25.8ps’
E 21{ Moatat 16450
< A

data + 1.645 o (stat. only)

B> I"D; X, Bl »D; n, Bl » D, w*

0 10 20 30
Am, [ps’]

Evidence of B; oscillations at 3¢ significance shown

Amg = 17.3170%(stat.) + 0.07(syst.) ps~!
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Bs Oscillations
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Bs Oscillations

- -1
CDF Run Il Preliminary L=1.01fb Neutral B mesons (bg, with ¢ = d, s for E?E, F‘;) oscil-
] X . X .
] «+ datat1c A 95%CLlimit 167 ps’ late from particle to antiparticle due to flavor-changing
% 16456 O sensitiviy — 25.8ps’ weak interactions. The probability density Py (P_) for
E 21 Wdatat 16450 —n i
< a Bq meson produced at proper time £ = 0 to decay as a

data + 1.645 o (stat. only) m

ﬁ ) Eﬂ (BY) at time £ is given by

Pit)= q e et [1 4+ cos(Am,t))] |

\ where Am, is the mass difference between the two mass
21 eigenstates B” 4 and B“ ', [1], and T, is the decay width,
0 b 0 - R0 _ . which is assumed to be equal for the two mass eigen-
B »I'D, X, B, »D,m, B » D wrr states. The mass differences Am,; and Am, can be
0 10 20 30 used to determine the fundamental parameters | V4| and
Am [p5'1] Vis|, respectively, of the Cabibbo-Kobayashi-Maskawa

Evidence of Bs oscillations at 3¢ significance shown

Amg = 17.3115-%(stat.) £ 0.07(syst.) ps~’
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Bs Oscillations

Are we able to reach a 50 observation with the same data sample of
1fb~! but improved tecniques?

CDF Run Il Preliminary L=1.01" . . .
o @ PID information to reject background
o from D~ mass missassignments
o — 1
% 4001 B Dy ek @ New trigger paths for semileptonic
= o analysis: 37,000 — 61,500
S 200 B; — D,j'n/K )
= B Dy @ Neural Network selection for
8 b DX hadronic modes: 3,600 — 5,600
w
g 20 BEoor @ Inclusion of partially reconstructed
2 A AT hadronic modes: 3,100
c
g ' comb. bkg. @ Neural Network to combine OS
‘ \ L taggers: 15 % improvement in eD?
L '5f2‘ 54 56 58 9 Neural Network SSK tagger: 8 %
on*-m mass [GeV/c]] improvement in eD?
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Bs Oscillations

5 CDF Run Il Preliminary L=1.01b"
g - datazxio A 95% CL limit 172ps
%1 5 1.6450 O sensitivity fﬁI Sps A
E 4 data+1.645 ¢ ANV
< data £ 1.645 o (stat. only) + v
£1, : A
0.5 + + V Hl
\-_../-v-.mﬂ"'n_. o T
0 L mnrmu“m .i‘ 'I ““ I" Ill |||||||||
-0.5
-1 V) :-"-\
15 v w
obe v L
0 5 10 15 20 25 30 35

Am, [ps’]

Observed signal consistent with B oscillations at significance > 5o
Ams = 17.77 £ 0.10(stat.) & 0.07(syst.) ps "

#

= 0.2060 + 0.0007(exp.)

0.0080
-—Fo.ooso(theor-)
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=p Observation

Observation of =,

pr—
‘:‘b
observation at CDF

Dmitry Litvintsev (Fermilab CD)
for CDF

June 15, 2007
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=p Observation

[ Cascades at CDF |

= = long lived & charged

= Can be tracked in the SVX (technigue
previously used at LEP)

= CDF developed tracking of =. 1stin

hadron collider experiment.

@ Form of a = candidate using standard decay chain P
== Ar, A= pr ot n

= L " VERTEX 2
@ Convert = momentum and vertex position into he- B

lix in CDF track parameter {cu, ¢o, dy, A, 2p) ba-
sis and convert elements of Vertex fit error matrix
into track 5 x 5 error matrix

® Use this track to seed Outside In (Ol)Z tracking

@ Attach silicon hits starting from vertex point and
going to PV

® Store SVX = tracks in the event record on the file
for subsequent analysis.

= & pentaquarks search was based on this technique
( Phys.Rev.D75:032003,2007 )

N v,
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=p Observation

,._[ Cascade Tracked! i

Event Display of generated Hyperons Tracked in Silicon

i p- X
(;CJ]i .:JZ'
y ¥
A _ﬂh M
¥ osvx R i) - O

Sy Sin o Zatrt =0 Amy A= oprp

# Reduce random background - clean — samples

w |mprovement in — impact parameter resolution

v
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=p Observation

. Jt.
— Cascade Yield in J/v trigger ]i

[ CDF Run Il Preliminary L~1.9fb"
N_S‘_?. T I 1 I T I 1 |_
S . ]
2 i yield=23,500+340 ]
— 3000|- M=(1,321.37:0.04)MeV/c?
p i
[1+]
2 2000
C
2]
o
1000

L 1 L 1 L
129 130 131 132 133 } 1.34 135 136 137
AX) [GeV/c]

® 235K events
® Mass is consistent with PDG
® Almost no cuts, just minimum of 2 r — ¢ SVX hits

v
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=p Observation

| Analysis Strategy ]—-'“'-\

= Use silicon = tracks to look for =p — J/9=

= Collapse 3-track = candidate to 1-track.

= =, becomes like BY — J/Y K™, Use B = J/9P K™ as control sample.

= Selection is data driven & independent of signal under study.

w Optimized cuts for best BY — J/y K™ signal. Applied same cuts to = — J/¥= candidates.

= Approach is based on assumption “B* — J/YK™ look similar to =5 — J/¢=". Validated
assumption with Simulation.

= Same approach used to discover B, — J/4 . Should work even better for =5 — J/¥=.

>
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=p Observation

T
A

. { I = i ! \
| CDF Run Il Preliminary | L~1.9fb"
— T T L L
m_(__z 10° | =
> E N(Jhp)=15M :
= i ]
o
@
Q
@
=2
=]
c
1]
(]
1 L L L L L i
2.8 29 3.0 3.1 L, 32 3.3 3.4
M(uw) [GeV/c?]
15M J/ s using sideband subtraction counting
. y
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=p Observation

. J€
[ B+—)J/‘{])K+ ] A

f L ) N
. L1’ L1 9"
Kg Yio=3tss87 | Nﬁ ' ~— data
v MeBerEO:Q2MeViE 1 Dt
3 o={11.2: D2V’ E el [ ] totalft
. 20000 prob=5¢ 4% 1 - B —Jiut
. ; =
fg S=IMUK)-ME o -ﬁ - . comb. background
¥ 5 1 T F
‘Elm, SB=To<M(JyK | MBi<i0a | B 1000 _
0 1 8
0 I S AR Y ! :
5 52 53 _ 54 &5 00 53 5% 5% 54 56 550
MUK G MUK Gevic)
w Loose cuts — 31K BT = Optimized cuts 16K BT.
= Signal effi ciency 52%, background reduced by factor of 500
. .
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=p Observation

. Jt.
( The =, 1 2

's \ / )
Unbinned fit uses estimate of mass uncertainty of each candidate to improve mass resolution. Linear
background

[ CDF Run Il Preliminary | L~1.9 fb!
?, - T T T
5 - yield=17.5+4.3

E M=(5,792.9+2.4)MeV/c”
5 -

[
(AARRRERRRR
Lol

Candidates / (15 MeV/c®)
S

o —_
S s

L 10im._

5.6 5.8 6.0 6.2
M(JAp E) [GeV/c?
Yield | Mass
175+ 4.3[(5,792.9 + 2.4) MeV/c?
L v
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&

T
e

.

=, Significance

S

¢ Assume flat distribution of events in the mass region [5.7 — 6.5] Ge\//c2

e The p-value is defined as probability to toss N ,¢,) = 23 events
contained in this interval, so that there are Ns:'gna! = 17 observed

events in 60 Me'\/"/c2 signal range (£20).

Ngigna—1 60
=1—- ¥ B(,N Do
0—15

e putting in the numbers we get 4.1 - 1 which corresponds to 7.80

Gaussian signifi cance.

v
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p Observation

JE
p {  Mass Systematics | W

L )
® check on large samples in TTT that = tracking does not introduce any additional tracking systematics
G sty -
K yeigaan225330 e BKI=7I0D ] F=1B4nAS
& +oon) M={1532. 2500 D6)MaVi" 2 2 a0)
-3 [ 3
= w000) - -
z 3 £ o
g ooy g 3
& 1 L & ol ]
L2 15 23 ] gx) EL] 23 £ 38 [
[Gevie) M{=n) [@evie’] M{Z=*x) 1G]
@{CDF) - QIPDG) vs QICOF)
w1 T
2
= -
E oo =(1530)
=
L 05
[=} 0w
Q S
g e
1.5 L =
] 200 400 800 800 1000
Q-valug(CDF)[MeVic’]
) ) = . 2 I
® projected shift at = mass is §m = (—1.69 £ 1.54) MeV/¢". Not significant.
.

o
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,—[. Tracking Momentum Scale

Iﬂ#

— 4.0F
O.Iu -
= 35
%, sofF ° Y—=Jipan
E - .
= o5k Lop—uu
g O Yo
£ 20
w =
Eg '1.5;
] =
E 1.0_
0.5)
0.0
-0.55

] ] ] 1
2000 4000 6000 8000 10000
Q value of decay [MeV]

dm=109-10"%.Q + 0.25[MeV]

Phys.Rev.Lett.96:202001,2006.

o
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o
. ( Fit model variation ]—-'“'-

Fit yield mass
base 17.5|(5,792.9) MeV//c?
freesigma  |17.4|(5,791.8) MeV/c?
double Gaussian |18.1|(5,794.4) I\/IeV/C2

e Reasonable variation of background function and fit range does not
change parameters of the peak appreciably

® Take maximum deviation as £1.5 I\/IeV/C2

7
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,._[ Summary Systematics }_-'"'-,

Error source value

Tracking Momentum scale |0m = £0.4 MeV/C2
PDG Masses(J/, =, A) [6m = £0.14 MeV /c?
Mass scale calibration dm= =206 MeV/c2
Fit model/resolution §m = £1.5 MeV/c?
Total dm=+17 MeV/c2

M(Z,) = (5.792.9 + 2.4(stat.) £ 1.7(syst.)) MeV/c?

\ v
. 44/103
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=}, Observation

e 3
= [ Accessible channels at CDF |_-""'-
= /4 trigger:

Eb_’mz_‘i'n'ﬂ' ,Qg—)ﬂ_—}-n‘n’

= Am~ — AK~
= TTT trigger:
=p —+ =+ x| VS = Q.+ n[T]
“ = +n7] < Q +n[w
— A~ — AK~

=y — DA,y — D=
Sp= AK+nm, Qo S K+nm
= SVT+lepton trigger:
Eb_} Ec+ ,Qb_’ nc"'
— = +n7m — Q +n[T)

— AT — AK™

i) 103
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=p Observation

, | Conclusion |

= CDF observes =;. Significance is 7.80

= The Eb mass is measured to be

M(Z5) = (5,792.9 £ 2.4(stat.) = 1.7(syst.)) MeV/c?

| CDF Run Ii Preliminary | L~1.91"
i T T —_— "
v TE E =, Mass Comparison
3 s yield=17.5+4.3
2 M=(5,792.9:2. 4)MeV/ic" Theory
w5 prediction
s _—  —
-~ 4 Do Lﬂ [Mseres
g ? remsaans
= H [nariner ot ol
g 9 1 CDF 2l o
oo ] ?
© 1
1 l] " Hﬂ ) " H 5.7T4 5."!5 5.‘7_8 5.8 5,‘82 5.84
o L
5.4 56 58 5.0 62 m(Z;) [GeVic?]
M{JAp E) [Gevic?] o

= PRL in preparation. There is much more to come from us.

o
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Cornering the Higgs
with Nets

A CDF search for standard model Higgs bosons
produced with Z bosons

BEN KILMINSTER

OHIO STATE UNIVERSITY
FERMILAB W&C

JUNE 8, 2007
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Tevatron CDF ibero B Secto Higgs Search

Higgs is worth looking for H

® |n standard model, Higgs mechanism accounts
for boson masses

® Why W & Z bosons massive, but photon massless

® Higgs mechanism gives mass to fermions

# Coupling of left and right handed particle states to Higgs
field in vacuum

[ =ty <HO> t, ]

® Quarks, charged leptons

® Higgs mechanism predicts Higgs boson
® Discovery potential

® Last particle of standard model

Backup

O@00000000000000DOOO00




Higgs Search Backup
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Experimental Constraints on Higgs

® Higgs searches ongoing for 30 years

® Direct searches at LEP: my > 114 GeV @ 95% CL

B Indirect searches:
® Driven by new CDF/DO m: = 170.91.8 GeV and mw = 80.398:0.025 GeV

[ mu = 76 *33 24 GeV, my < 144 GeV @ 95 % CL ]

T 6 m,. = 144 GaV
—LEP1 and SLD A
80.5 -~ LEP2 and Tevatron (prel.) 5 hayy, =
— 0.02758:0.00035 |f :
6a% CL 0.02749:0.00012 ff
ey 4 «= incl. low OF data
% > 4 I, | i
S s0.4 % g
= <
g y
2
80.3 4 - 8 1
m,, [GEIE
114 3060 00 0 Excluded \, ./ Preliminary
150 175 200 30 100 300
m. [GeVl | | m [Ca\l | 4
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H|ggs at the Tevatron 1

g0 £
= PRODUCTION =1
5 gg—H _‘E:
7 |
a ™ =
v .y
1=}
@
= \ 1= :;' _f’:
i o
100 120 140 160 180 200 2
my (GeV/c?) ol NN ]
100 120 140 160 180 200
~ my (GeV/c?)
Higgs Production
« <1pb
Compare to Most sensitive Tevatron searches
« 12pb WW « Iflow mass (my<135GeV): . If high mass (m,>135 GeV):
« 7 pb top pair - Production with W or Z — Direct production
« 3pb topsingle - Decay to a b-quark pair — Decay to a W-boson pair
« 2pb IZ &




Higgs Search Backup
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Higgs at the Tevatron 1

< <

\“ h
[ W g .
> b b
Events produced at CDF in 1 fb”
w 70
o "t
: I.I>J 501
40+
. 30E H — WW=lviv
] WH — lvbb
: : . ZH — vvbb
'P10 120 130 140 150 160 170 180
Higgs mass (GeV) |
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Then why search for zi - 1lbb ? ¢

® May have smallest signal yield ~\+ , 2

® Some benefits
® Only fully constrained channel
# No neutrinos

® Both Z and H resonances
® Powerful for separating Higgs from backgrounds

® Fake lepton backgrounds small
® Hard to fake two leptons with Z mass

® Can we make this channel competitive ?



Higgs Search

Backup
0000008000000000BVO0000

What to expect ?

® Ask Pythia what ZH looks like

£
H
o
\eP o
Lo‘N:‘ \eot©
we 2040 60 80 100 120 140
GeV
b parton P; |
8
e
wat
A M
oW 'P‘bb.cu“o
“aen ¥
w 20 40 60 80 100 120 140

Lepton P, |

GeV

Events

Events

R

Leptonn |

b parton n

/A

57

o

01 2

3
n

( Use these distributions as a guide to determine selection )
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Higgs events : Everything else

5:100,000,000,000,000

in1fb1 data
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Maximizing ZH Acceptance



Higgs Search
000000000 e000000DOO0O000
Most central lepton |

Online
selection
first lepton

MUONS
+ Track pr > 18 GeV
+Inl<1
4+ Muon segment
+ Isolated

4+ Quality cuts

| Highest P; Lepton I

Events
e

ELECTRONS
+EMEr> 18 GeV
+Inl<1

4+ Trackpr>8
+ HAD Eysmall
+ Isolated

4+ Quality cuts

B6/103
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Higgs events : Everything else

2:100,000,000

in1fb! data
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| Most forward lepton|

Loose
selection
second lepton

Events

|

- |

E ool a1l
-,!I HJI )
A H
3

-2 -1 [] 1 2

MUONS
+ Track pr > 10 GeV
+|nl<15
+ Minim. ionizing
+ Isolated

ELECTRONS
+Inl<24
4 HAD Ersmall
4+ Isolated
Central
+EME; > 10 GeV
4+ Track pr > 5 GeV

Forward
S EME. < 90 oV =158 /103
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® Efforts pay off

® 70% more signal
acceptance than cuts
used in top dilepton

group
® 0.9 = 1.5 ZH events ‘ i ; ;
after Z selection 40 60 80 100 120 1340"
e

® What about background from “fake” leptons ?

B Rate to for leptons to be mis-reconstructed evaluated in
jet-enhanced data & same-charge dilepton events

B “Fake Z bosons” < 2% of Z boson candidate sample!
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Higgs events : Everything else

1.5:150,000

in 1fb! data
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Now we’ve got ourZ

Let's search for any important associates



Tevatron CDF ibero B Sector Bs Oscillations =, Observation Higgs Search Backup
00000000 000000000000 OO0 0000000000000 00 000000000000 000eOOO0O000

Now we’ve got our Z

Let's search for any important associates
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Selection of Jets ’ "

b
| bpartonP; | b parton n

- T e
43 ] =4 i
3 £

S | '

E 1

: N

0 20 40 60 80 100 120 0 1 2 3

Gi
1st jet [ 1 AN E 1
+ Er > 25 GeV MUON >

+|nl<2.0

22nd jet
+Er> 15 GeV
+|nl<2.0

g3/103
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Modeling of Z + 2 2 jets 5

® Compare data to background model

® 95% Z+jets
8 Model with Alpgen + Herwig
B Better at modeling harder extra jet activity
® Compare to Pythia
® Well-tuned to our data : “Tune A", “Z pr tune”
B 4% comes from
B Fakes (for instance, W+jets with a jet misidentified as a lepton)
® Model from data
8 ZW, 77, tt
® Model from Pythia
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Higgs Search

Data / Model Comparisons for Z + 22 jets ¥

mlmmm.,j’hﬁ.nn-imm' urumm,jm.nm-nmm‘
1400,
o Deta (Protag) e +— Data (Protag)
1200, [ Backgrounds w' Akxen (Normallzod bo Dath) so0;. I Bcsgrouncs w Agon (eamakzsd o Data)
Backgrounds w' Pyiles (Mo alized 1o Dala) Background's w Pyiiea (Nommazed 1o Data)
1000,
400
5
800
300
600
200
400
200/ 100
-
° 0
50 100 1:50 50 100 150 200
M, (GeV/c E; of Leading Jet (GeV)

cu::m-—-u[u-oﬂ 1mm

o Data {Protag)

B Boctgrouts w Alggen (Normalired 1 Data)

l.wsqrumt w Pythea (Nosmakzod 10 Data) Two m Od e Is
span data
well

- 5888888

2 a [ 8
Jet multiplicity 2%/103
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Higgs events : Everything else

1:3,000

in1fb1 data



B-tagging our jets

Qrik

Jat
Displaced tracks
Deagy l'mll-"";", /‘(ﬁ.condﬂry vartex
Primary vertex 4 _”
w. "Btag”=
Prompt tracks Identify 2nd
vertex
|_bpartonn_|
BF .
5 Mo p
w low nb kL
2 "Quq
3 7Z a0 1 2

Higgs Search

000000000000 O0000WK

b-tag efficiency

03

02

o1

SecVix Tag Efficiency for Top b-Jets

T T YT T T

Tight SecVix

Loose SecVix

Top MC scaled to match data

Only b-jets with E;>15 GeV
Loaalaoaloselaialosolanyl
0 02 04 06 DB 1 12 14 18 18 2
jetn

‘LHOS
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B-tagging our jets e

Jot
Displaced tracks
Oenn l'"m‘/ .«/%nconulry vertex
Primary vertex “ i
P Btagn=
Prompt tracks Identify 2nd
vertex
SecVix Tag Efficiency for Top b-Jets
>
o 1t SecVit
| b parton 1 l 5 El:lLt l,b;m.i
n 3 é oose SecVix
5 M5h 5
w ""ow nb qua”( 2
3 Qug rk oaf I
E | o2 f
3 I 1 o i Top MC scaled to matchlfata
E " | Only bjets with E;>15 GeV
E I l 5 Bt 1 1 |
0 2 04 0 1 A4 1 2
3 = 1 0 1 2 o o 6 08 1 2 14 16 18
n jetn
/103
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Higgs events : Everything else

0.7:110

in1fb1 data
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Smarter b-tagging B

@ Split events into exclusive categories
® Two loose b-tags
8 Each 50% efficient, 1.5% fake rate
® Subsample with better signal to background
® One tight b-tag
8 40% efficient, 0.5% fake rate
B Separating improves sensitivity to ZH signal

Signal 044 |[1/200 Signal 023 |1/50
Z+bb 35 Z+bb 6.3
Z+fake B 32 1/3 Z+fake B 1.0 i/12
Total background 102 Total background 124
Data 100 Data 11




Higgs events : Everything else

one tag 0.5 . 100
twotags 0.2 = 10

in1fb' data
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Distinguishing Z+jets from ZH -

® Best sensitivity to H—=>bb should be with Mpp

® Easier to find Higgs if dijet mass resolution is
narrower

Less background Where’s Higgs ?
under narrower signal
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Using MET to improve M;; 1
® In ZH = libb, there should be no missing
transverse energy
® Leptons measured well

® MET results from mismeasured jets

Jet1

Lepton 1

MET likely from Jet 2
Lepton 2

Jet2
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Using MET to improve M;; i
® In ZH = llbb, there should be no missing
transverse energy
® Leptons measured well
® MET results from mismeasured jets

Jet1

Lepton 1

MET likely from both

Lepton 2

Jet2
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Dijet energy fitting function

® Goal is to correct jet energies to parton level
= Improve dijet mass resolution

® (Jet 1 E;, Jet 2 Er) = function ( Jet variables, MET
variables)

B Jetvariables: Er, n, ¢, jet projection onto MET direction
® MET variables : magnitude and ¢

® How to determine above variable correlations ?
# We use an Artificial Neural Network
B Will refer to as “NN"”
® Training NN
® Inputs: Jet and MET variables + parton energies

® Samples: ZH Monte Carlo for 60 < muy < 180 GeV
® Qutputs: corrected Jet 1 and Jet 2 energies
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NN for jet energy corrections

@ Example: Determine jet scale factors as function of
MET ¢ (everything else fixed)

- ~ Jet1d lJet2d

MET : 20 GeV Jet1 M

Jet1: scale 12
b= T11/2 factor | @ | o |
Er = 85 GeV U0 U U] DI Souee!
n=10 S .

Jet2: Jet2 3
EF TAS GeV i E"z

T= e factor & 1

n=1.0 g T2 3 4 5 8
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Resulting Mu improvement ¢

~ Jet Energy Resolution
028

: Mu
o2

P one b-
015; -

: et : tag
o1 . Ty

1 Ra data
D.Uﬁ:

[I. 2 w @ 3] 100 |Rl 140 160 180 I 2‘50

Corrected Jet E, {Ge\.lj M (GaVrch)

® Validation using Z+jets data before b-tag

® Compare jet energies, dijet mass, MET distribution

® Energy resolution verified by balancing dijet recoil
against Z boson

® For events w/ two b-tags, dijet mass resolution

improves from|18% to 11% £
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Separating Higgs from
background
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Higgs Search

Multivariate Higgs identification
® Dijet mass is good discriminant but not best

H

50 100 150

200 250
MI (GeVich)

# Better to use multiple distributions which all
separate signal from background

= e T— e

02 04 06 08 1

ARof 2 Jet and Z Candidate | sphericity B8 /103
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Separate ZH from Z+jets B

# NN Network trained to distinguish Z+jets and
ZH

\Z+je=ts vs. ZH Neural Network|

Z+jets
ZH

;1; s

E ;:l = P E‘|='-j (shown with
0 0.2 0.4 0.6 0.8 1 same area)

NN Output

[Separation much better than dijet mass alone]
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Higgs Search

Backup

The top problem

|
® Two leptons, two b !
quarks, two neutrinos - | ;
® Neutrinos may decay QOO b i
back to back / N g,

® High sum E; events 1 u

® tt looks more like
ZH than ZH does!

® ttis 20% of
background in 2-
tag data

® 10 times the size
of ZH

Z+jets vs. ZH Neural Network |7

(s|
sa

nhown
me art

0 0z 04 06 08 1
NN Output

000000000000 0000DOOO00

with
a)

37
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® Remove events
with MET > 33
GeV
® Rejects 80% tt
=3 -F_{{ﬁjects only 10%

tt vs. ZH Neural Network

® Train NN to _
separate ZH vs tt f“t
[ Rejects 80% tt | .............................
® Rejectsonly 5 % 1 '
ZH I g |
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What's left of top ? J

® Remaining tt events look like this for either cut:

Z+jets vs. ZH Neural Network L

ZH & tt have same
shape in the Z+jets
NN

howniwith
me afea)

0 02 04 06 08 1
NN Output

® tt removal worsens limits
B Loss of ZH signal efficiency
® Remaining tt right in signal region
® tt cross section becomes important systematic !
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Higgs Search

!

Can Z+jets and tt be 1
separated simultaneously ?

® Signal / Background discriminant with Two
outputs

1,1)
2D NN
+ Training: Z+bbh, tt, ZH

ttvs.ZH
axis

(0,0) (1,0)

Z+jets vs. ZH axis 46 /103
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Higgs Search

Can Z+jets and tt be |

H
separated simultaneously ?

® Signal / Background discriminant with Two
outputs

2D NN
+ Training: Z+bb, tt, ZH

ttvs. ZH
axis
+ Shapes generated in 2D
plane also for fakes, Z el
+mistag, Z+cc, ZZ, ZW

FAKE ZZ/ZW

(0,0) (1,0)

Z+jets vs. ZH axis

46 /103
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Higgs Search
NN output for ZH well separated from Z+bb and tt L,’ "'-'_'
ZH NN Output Z+bb NN Output # NN Output T
02 “ia-:'.;':eu"
NN outputs determined from data
ZZ —1lbb has shape most

Fake Z's well separated similar to ZH

/103
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Higgs events : Everything else

one tag 0.3 : 14
twotags 0.2 - 2

in1fb1 data
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Signal region : events with two b-tags ¢

CDFRun i Fre]lmlnaryJ Ldt =1 fb "' - Double Tag tt NN Output

1
1)

[}
2 00 02 “quersY

Z+bb NN Output ZH NN Output

Expected : 12.8 + 3.5
Data: 11 events

48 /103
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Remember, we started with 5: 100,000,000,000,000

Higgs events : Everything else

in most signal-like bin 0.042:0.18
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Remember, we started with 5: 100,000,000,000,000

Higgs events : Everything else

in most signatike bin 0.042 : 0.18
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Higgs candidate S:B=14

RUN 196170 EVENT 6577

Jet 2 37.1 GeV b-tag &

Dijet mass soft-muon
119.7 GeV

..

Dilepton mass L, =38mm

101 GeV, b-tag &
soft-muon
Background in this bin
60% Z+bb
11% tt Higgs ~ 2 times tt
9% Z+cc
9% 71

Bor Z+noa (liocht) L3



B Sector

Putting it all together

Bs Oscillations

=4 Observation

Higgs Search

® We search for ZH contribution in all bins of 2D

NN outputin 1 b-tag and 2 b-tag data
CDF II Preliminary, 1fb-1

H

1 fb ! dataset Events with 1-tag | Events with 2-tags
w E’;p:;t:?ggs) 101.6 :17.8 12.8:3.5
Data 100 1
SM Higgs Signal 0.5 0.2

Backup

000000000000 0000DOOO00
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Putting it all together 1

® We search for ZH contribution in all bins of 2D

NN output in 1 b-tag and 2 b-tag data
CDF II Preliminary, 1fb!

1 fb ! dataset Events with 1-tag | Events with 2-tags
Expected
101.6 £17.8 128+ 3.5
(w/ no SM Higgs)
Data 100 11
SM Higgs Signal 0.5 0.2

(We currently observe no significant excess )




Tevatron CDF ibero B Secto Higgs Search Backup

Yelelelelele) ¢ YOO o 0000 0000000000000000DD00000

Putting it all together 1

® No significant excess with 1 fb™

® We proceed to fit all bins of 2D NN data output
for the maximum ZH cross-section contribution
®@ So-called "upper limit”
B One-tag and two-tag samples fit independently

# Use Monte Carlo shapes for ZH, tt, Z+bb, Z+cc, ZZ, ZW
® Use Data shapes for Fake Z, Z+fake b-jets

® Fit code called “mclimit” (from Tom Junk)
® Produces upper limit of ozyin data

® Produces expected limits by fitting pseudo-data from
background-only model

® Fit code handles both correlated and uncorrelated
systematics
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Systematic uncertainties H
Results in 14% increase in expected limit

B Largest systematic uncertainties are those which affect signal
acceptance
B 12% from b-tag efficiency uncertainty (from difference between
Monte Carlo and data)
B Uncertainty per jet: hurts two-tag sample more
B 7% from luminosity uncertainty
® Next largest systematic
B 6% due to 40% uncertainty on Z+bb and Z+cc

2 Other systematic uncertainties considered - small

Jet energy scale (acceptance & shape change)
Fake b-tag rate
ZZ, IW, tt cross-section

Z+jets MC generator (shape change)

Parton distribution functions & initial/final state radiation (acceptance & shape change)
Lepton ID

Charm tagging efficiency 5%
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Results

Bs Oscillations

=4 Observation

Higgs Search
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® 95% CL upper limits on ozxeBR(H—bb) for my =

115 GeV
Limits CDF II Preliminary, 1fb-!

1 fb1 dataset 1-tag 2-tags Combined
Observed 23pb 1.9pb 1.3 pb
(expected) (22pb) |((1.8pb) ((1.3 pb)
As ratio of upper 28 23 16
limit / SM expected Q7 22) (16)
cross-section
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Limit as a function of mass 5

® 95% CL upper limits on Higgs cross-section
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Tevatron CDF ibero B Sector Bs Oscillations =, Observation

In perspective ¥

® Compare 95% CL upper limit to other CDF
channels

Limits CDF II Preliminary, 1fb-!

my = 115 GeV ZH = 1Ibb ZH =vvbb WH =>1lvbb H->WW
Ou.L. @ 95% CL
observed 16 * SM 22 * SM 26 * SM >50 * SM
(expected) (16) (14) (17 (>50)°

°For mp = 160 GeV, H=>WW is 3.4*SM (4.8)

[ZH ~> lIbb is most sensitive CDF channel at my = 115 GeV ]

® Combined 1 fb1 CDF expected limit is ~9*SM

® |deas used in this channel will also improve other channels
® All analyses will update with improvements and more data
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Future for ZH = llbb J

® More data

@ Statistical scaling alone :
Limit would be 5 times SM with 8 fb™!

® However, CDF has many other improvements in progress

® These can also be applied to other Higgs channels
1. Increased b-tagging
74 New lepton categories
3. Looser lepton categories
4, Tau lepton channels
5 Specialized & secondary triggers
6. Further jet energy resolution improvements
7. Matrix element discriminants incorporated
8. Reduction of systematic uncertainties

® Each factor is incremental, but :
B forinstance 1258 =6 takina CDF 7ZH = llbb to 2 times ShM
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Tevatron CDF ibero B Sector Bs Oscillations
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Conclusions

@ Retained as much signal as possible
@ Looser lepton selection gave us 1.7 times data equivalent
i@ Splitting 1-tag and 2-tag data gave us 1.5 * X

& Narrowed Higgs resonance compared to backgrounds
& Improving Mj; resolution gave us 1.3 * X

@ Used multivariate approach to get best signal

separation from background
¥ Using 2-D Neural Network gave us 2 * X

@ All together, gained a factor 7 times more data

Many other improvements and more data coming later this year

Combined with similar improvements to other channels (work
ongoing), we're going to be close to finding the Higgs at the
Tevatron! )
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BMU Reconstruction Efficiencies for bhmuoOi

bhmuOi period 9 bhmuOi period 10

@ Run range 222529 - 228596 @ Run range 228664 - 233111
@ Integrated Luminosity @ Integrated Luminosity
Lint CMUP,BMU _ 164 pb—1 Lint CMUP,BMU _ 262 pb—1
Lint CMX,BMU  _ 159 pb71 Lint CMX.BMU _ 268 pb71
@ MC Phytia zewkcm (6.1.4) @ MC Phytia zewkdm (6.1.4)
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