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The CDF-II Detector

Major Upgrade:

e New Silicon Tracking

« Extended coverage

e 3-D reconstruction
New Drift Chamber

e Faster (2 us = 396 ns)

e 96 dE/dx samples/track
New Forward Calorimeter

e 1.3<|n|<3.5,

same technology as central

Added Time-Of-Flight

e ~ 100 ps resolution
Extended muon coverage

e In| <1—|n|<1.5
New Trigger

e Tracks at L1
(p>1.5 GeV/ce)

e Silicon Tracks at L2
(p1>2.0 GeV/c)

B Silicon Tracking Detectors
B Central Drift Chamber

B Solenoid Coil /TOF

B EM Calorimeter

B Hadronic Calorimeter

B Muon Drift Chambers

Muon Scintillator Counters
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Tracking Upgrades

CENTRAL HADRON CALORIMETER
CENTRAL EM CALORIMETER

N

1.5

n =-ln(tan(6/2))

DRIFT ( : :
CHAMBER 5 g
1.0 E 3 n=
LE 2 “central”: |n| <1.1
5 g E “forward”: |n| >1.1
2 g =30
"
LAYER 00
SVX I INTERMEDIATE
5 LAYERS SILICON LAYERS

Tracking is fundamental to lepton identification
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Silicon tracking is fundamental to tagging b-jets
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‘ Precision Electroweak
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Must walk before we can run!

T. Nelson, DIS 2003 - Slide 7



oy X B(W — ev)

CDF Run Il Preliminary, 72pb i

s ° — 0 & : -
Selections: (acec x €=19.3% ) s 3000 ) Entries 38628
* Electron (central only) S i « DATA

— Isolated EM Calorimeter cluster g 2500 D Sum
— E;>25 GeV % : | | W—ev MC
— Matched track, P, > 10 GeV E I Z—ee MC
* Missing E;> 25 GeV 0 20001 [ Woty MC
[ aco
1500
Sample: (72 pb”’ Run Il)
- 38628 events 1000
- QCD: 3.5% '
— W—1v 2.0% _
— 7 — ee: 0.9% 500,
owxB = 2.64 £0.01,,, +0.09 _ +0.16, nb
0 T
40 60 80 100 120 140
M., GeVic®
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oy x B(W — uv)

GDF Run Il Preliminary, 72pb :

Selections: (acc x €=10.1% ) "8 2000 Entries 21599 [
" | | % « DATA | [
uon (central only) D000l [ Sum
— Muon hits = (] W—pv MC
— Matched track, P,> 20 GeV o1800)  Z—-upMC ¥
. C e . = [] Wotv MC
— Min. Ionization in calorimeter 5
. £16001 J acD
* Missing E; > 20 GeV L Cosmic
* Cosmic & Z— uu vetos 1400
1200 R
Sample: (72 pb-! Run II) 1000/
« 21599 e t
vents 800
— Z—uu: 5.3%
— W—1v 3.2% 600 E‘
— Cosmics: 1.3% 4001
— QCD: 1.0%
200
OoyxB = 2.64 £0.02,,,,£0.12_ +0.16,, nb 0 | ._.&‘—"‘._:-_—5

0 20 40 60 80 100 130
M., GeVic
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Selections: (acc x €=0.92% )

* Tau (central only)
— Isolated Hadronic Calorimeter cluster

— P, & number of tracks in 10°/30° cones
— E;>25 GeV

* Missing E; > 25 GeV
* Dijet veto

Sample: (72 pb! Run II)
« 2345 events

— QCD: 15%
— W—ev: 4.4%
— W —uv: 3.9%
— Cosmics: 1.5%
— Z - 7T 0.9%

]
1400; W — t v : number of tracks, assaciated with the t© candidate
i 2345 events
1200 [—*
- —e— Data
1000_— W —s tv
- Wouv
. Woev
800_ L VAR
i —— == QCD
600—
400— ,
— —,—
200—
00 1 2 3 4 5 6

OowyxB = 2.62 £0.07 ., +0.21_ +0.16,,  nb

oy x B(W — 1v)

-1
CDF Run II Preliminary, [I, =72 pb

7 8 9 10
number of tracks
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o, x B(Z — ee)

2
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Selections: (acc x €=9.5% )

* 2 Electrons (central only)
— Isolated EM Calorimeter clusters

S
=]

Evts/ GeV/c

Opposite Sign (1830)
150

{ « Z— ee DATA
— ET>25GeV o £Z—ee MC
100
— Opp-sign matched tracks, P> 10 GeV
- 66<M <116 GeV 5 CDF Run Il Preliminary

_[ Ldt=720pb"

%o 60 80 100 120 40 160 180 200
M., (GeVic")

Same Sign (22)
« Z —> ee DATA

=]
I|II

Sample: (72 pb”? Run Il)

Evts/3 GeV/c?
[=1]

+ 1830 opposite-sign events -
— QCD: 0.5% 5E- I s Z—ee MC
~ Z -7 0.05% i ’
35_ | { CDF Run Il Preliminary
oyxB = 267 +6_,, +15_,  +16, . pb L dt =72.0 pb’

1 L]

% & w0 i 12 J40 160 180 200
M,, (GeV/c?)
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oy x B(Z — pw)

CDF Run Il Preliminary, 72pb

Selections: (acc x €=9.2% ) S 220 | S Entries 1631 |
* 2 Muons (central only) § 200
— At least one with muon hits 5 DZ—mu MC
— Opp-sign matched tracks, P, > 20 GeV % 180;
— Min. Ionization in calorimeter E
* Cosmic veto o 160
- 66 <M, <116 GeV 140
120
100
Sample: (72 pb? Run II ) 50
* 1631 opposite-sign events
— Cosmics: 0.8% 60
— QCD: <0.2%
40/
0,xB =246 6, 12 +15, pb 20 .

o A e L
70 75 80 85 90 95 100 105 110 115
M , GeV/c?

up?
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Z =TT

Goal of preliminary cross
section by summer

B Z—>ee

45 = | I | | | | | | | =
] 40F CDF Run 2 Preliminary (72 pb-1) =
* Clear Z — 1,73, signal 35E % E
e Background needs " 30F ~ data =
c 5 E ] Z-1t =
3 /— ee -
15F 1 - E
10F |71 E
1 1 L | L D D DL DL DL L 5;- + _;
14 —11 CDF Run 2 Preliminary 3 0 E | i I R R
12 72 pb-1 - 0o 1 2 3 4 5 6 7 8 9
810 — OSdata E Nirack
Ej 8 ] Z— 1t -
w jet— t fakes =

1o

0 20 40 60 80 100 120 140 160 180 200
M(e+t+ET) (GeV)
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Ow » 0, Summary

W cross section measurements / cross section measurements
CDF Run Il Preliminary CDF Run Il Preliminary
- -1
_[Ld1=72.0pb1 J.Ldt=72.0pb
—_———
——.—
&
—
—&— o, (e+) a oz (€ + )
| | | | | | o b b b b P b

24 26 28 3 32 34 36 22 0.24 0.26 0.28 0.3 0.32 0.34

G (nb) c (nb
combined Oy x B(W— Iv) = 2.640 £0.012,,,, +0.093__, £0.158,, nb
combined Oy x B(Z— ll) = 251.5 +4.3, +10.6_,, +15.1,, pb
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Oy, X B(W — ev, uv)

. CDF Run 2 Preliminary L=72 pb’
Selections: ~10°F ey =R
- Electron or Muon (central only) + Missing E; = [ = etu L
R P prsml«gmund
— Same selections as used for Oy, = 0
[+ 0OCD+Z 4 1wy Background
* 1 Photon (central only) i [
— E;.>7GeV, AR(y,l) > 0.7 * L3 +
— Isolated EM calorimeter cluster
— Tracking isolation cuts
« Z—ll & Cosmic(u) vetos
CDF Run 2 Preliminary L=72 pb -1 1 E—
v o[ i
% | e+ . Data @1 Berk) : I : I_II_—Il I
S 30 n [ 0 20 40 50
..E : | DQCMWMM Photon Et (GeV)
5 | [ Sample: (72 pb! Run II)
wor | *43 (38) events in ev (uv)
201 | —W —ev (uv) + jet: 11.5 (5.6) events
! —I_ —Z —ee (uw) +vy: 2.4 (5.1) events
- —W—-tv+y 0.5 (0.7) events
- g —
1or _i_ Oy (W —ev)*=17.2 £3.8_,, 2.8 £1.0;,, pb
: ] | Oy, (W = uv)* = 19.5 £4.5,,, +2.4 1.2, pb
i | _'_I_I_,:I: L . o
%26 40 60 8 100 120 SM EXpeCted‘ 19 pb

Transverse Mass (GeV /c?) T. Nelson, DIS 2003 - Slide 15



Events/10 GeV

Selections:
« 2 Electrons or Muons (central only)

— Same selections as used for 0,
* M, > 40 GeV
* 1 Photon (central only)
— E;>7GeV,AR(y,l) > 0.7 *

— Isolated EM calorimeter cluster
— Tracking isolation cuts

« Z— 1l & Cosmic(u) vetos

CDF preliminary 72 pb’

0y, x B(Z — ee, uu)

CDF preliminary 72 pb

S

==
L=2]

I
I

etu

Evenis/7 GeV
o

e Data
D Zy+QCD Background
[ oco Background

-
=9

-l ok
=T

II'I'III'rlI'I'III[I|Illlrrl|'I'II|[[I'|'IIIIIII|'I

M & O

=]
[=1

~ 10 20 30 40 50 60 70
Photon E, 1GeV

Sample: (72 pb! Run II)

: e Data
10 _— e +l'l’ D Zy+QCD Background
E (] aco sackground
B_ —I'-
S
41—
o
DF..I_._.. A sl
0 20 40 60 80 100 120 140 160 180 200

di-lepton invariant Mass /GeV

*11 (14) opposite-sign ee (uu) events
—7Z — ee (uu) + jet: 0.5 (0.5) events

oz xB(Z— ee)* = 5.5 £1.7 4, 0.6, +0.3,,,,, pb
Oz xB(Z— pp)* = 6.0 1.6, 0.7 .. +0.4,,,, pb

SM Expected: ~5 pb
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‘ Adding Forward Acceptance

QCD backgrounds are many times larger
without tracking requirements

Tracking is critical

Have standalone silicon tracking in forward
region: much less efficient and clean than
central drift chamber + silicon

Need a way to reduce the problem!

T. Nelson, DIS 2003 - Slide 17



Two points and a curvature define

a unique helix...
*  Primary vertex

«  (Calorimeter shower-maximum hit

x-y: beamspot (~40 um)
z: event vertex (~100 um)

~1 mm

- Calorimeter E;— |curvature |

—=30
£
)
> -
‘_u“ 25 Silicon
Q
- seed tracks Track
20
15 I'..II.
» ::!s
10
[ N ]
0 o0 . - '2
5|  Silicon hits o e
[ ]
« ¢
0
0.2 0.1 0 a.1 0.2
Local x (cm)

Si Track Efficiency

wrong sign rate

‘ Calorimeter-seeded e* tracking

1.2
[ . . v DATA
- CDF RUN II Preliminary | , ue
1
: AropaTa peAed
0.8 B **-!--?-"-"4-4:& e o o ++
SRR
0.6| | +
- - . hd
i A
0.4 — -4 | _+_+
0.2 }* 3
U :f- | | | | t?:
-2 -1 0 1 2
n
0.8p DATA
0.75_ CDF RUN II Preliminary | , uc
0.6/
0.5 \
0.41 -1-
0.3F l ‘
02 | | \
011 E_ """ J"'I """""""""""""""""""""""""""" - '_'_'II'_'""_'_
o T
[ mherte ot O it il e e b |
0 -2 -1 0 1 2
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Selections:

* Electron (forward only)

— Isolated EM Calorimeter cluster
— E;>20 GeV

— Calorimeter-seeded track

* Missing E;> 25 GeV

Sample: (60 pb’! Run 2 data)
+ ~20,000 events

QCD background:

without forward tracking: ~18%

with forward tracking: ~3%

Similar to central background

Forward W — ev

600

500

400

300

200

100

— Plug electron + MET, n >1.2
~ CDFII Preliminary

i JLdt:ﬁOpb"

iy —rH |._ ..I_rl..l.__l_J

20 40

60 80 100
Mtrans
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W— ev Charge Asymmetry

I Q= 2Ge\;’ u E+ 4
—— —— — CTEQEM
W
RN B A
N
N\
py u )
VAN \ 4 d v
) \\ _ B
// d :_\\ \ : d € [ TR N S B -
- = \ — _ 0 mn
/s « \ ] W o -
S N e —=—anti proton direction proton direction —»
\\ \
i— \
. e v S
0.0 107 107 01 02 05 1 2 5 1 B A
u v

X = p(parton)/p(proton)

__do(e")/dn—da(e”)/dn ., d(x)
Ain) = Fo(eR) fantdote) 7an = w0

Y

n

Forward tracking is critical here!

T. Nelson, DIS 2003 - Slide 20



W— ev Charge Asymmetry

Selections: -
- Electron (central+forward) g o QDE__B_u__n_.__li__E_rg_l_l_m_l_n_am __________________________ -
— Isolated EM Calorimeter cluster £ E : : ;
— E,;>20 GeV @ oal CTEQ 3M - MRS R2 [ S .
— Calorimeter-seeded track ﬁ [ : : |
. e o B ; ; : : :
* Missing E;> 30 GeV 8 ot
O B : : :
=
Sample: ok } ;} i3 .}l i 4{ H { -
« 21317 events N
) TR [ A ......................... ? ...................... ...........
. . N A 11{] pb’ Hun I {e+mu} :
Blind analysis: -
. e e 0.2} . 41 pb F{un il {Plugeunly}
* Plotting sensitivity only <L :
. . .. . - 32 pb F{un | {Central e only;
- Higher “specific sensitivity” in - | | | | |
forward region than Run 1 0.3 ........................ ......................... ........................ ..............
[ | | | | | 1 | | | | | | | | | | | 1 | |

0.5 1 1.5 2 2.5

results to be unblinded ILepton Rapidityl

for summer
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Gy (WW— 1)

Selections: CDF Run Il Preliminary - A¢ vs E; N, =0
+ 2 Electrons / Muons (central only) 3.55 MC WW
— Same cuts as EWK measurements 3 ® Data ee
* Veto 76 <M, <106 GeV, cosmics & i W Data pu
conversions 25 ° * Data ey
. Missing E; > 25 GeV g f "
* A@ (missing E;, nearest lepton ) % 2— o JLdt=72 pb’”’
* Niyis = 0 (E,> 10 GeV, 1 < 2.0) -3
w *
Sample: (72 pb”? Run Il) -
* 2 events
— Background: 1.5 £ 0.6 events
(QCD + DY + WZ + tt) *Illl

20 40 60 80 100 120 140

SM Expected: 2.8 + 0.6 B; (GeV)

just the appetizer...
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g, (tt— 1)

CDF Run Il Preliminary - Ao vs B, N___>2, After all cuts

Selections: is —
+ 2 Electrons / Muons (central only) C y MC tt
— Same cuts as EWK measurements 3:_ JL dt=72 pb ® Data ee
. Veto 76 < M, <106 GeV, cosmics & B Data uu
conversions -
. Missing E; > 25 GeV =2 xPaaeu
* A@ (missing E;, nearest lepton ) g 2:_
* Hy =32 Ep + Missing E; > 200 GeV & |
* Niois = 2 (E,> 10 GeV, 1< 2.0) 151 o :
s
Sample: (72 pb ! Run II) ) i ¥ i
- 5 events o5l @
— Background: 0.30 = 0.12 events r
(DY + WW/WZ + Tt + QCD ) JFRDR RN
0 20 40 60 80 100 120 140

B, (GeV)

o, =13.2 £5.9 ., * 1.5_ . pb
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Selections:

* Electron / Muon (central only)
— Same cuts as EWK measurements

* Veto 76 <M, <106 GeV, cosmics and

conversions
* Missing E; > 20 GeV
* N....=3 (et E;> 15 GeV)

jets

- At least one jet with
secondary vertex tag
from silicon

Sample: (57.5 pb-! Run 2 data) 5

* 15 events

— Background: 3.8 = 0.5 events
(W+jets & mistags dominant)

O, =9.3 %

o, (tt — l+jets)

CDF Il preliminary

30

25

20

NN

15

Number of tagged events

10 control region

> <

I I
Eackground

w7 Background errors

Eackground + tt
W Bkgnd + tt errors
® Data{57.5pb’)

signal region

IIII|IIII|IKI|IIII|IIII|III

N

0 | I

III|‘[//1§X|IYI

1 2

3 S

Number of Jets In Wajets

1.9 £ 0.8, pb

T. Nelson, DIS 2003 - Slide 24



‘ o, Summary

CDF Preliminary Run 11

+0.71
NLO: 6.7 '/ pb
@ Mmp =175 GeV
(hep-ph/0303085(Mangano et al))
||II|.IIEIIII|III|i||I|IIII1||I|IIII|I||I
0 5 10 15 20 25 30 35 40 45

o(pb)
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‘ M, (l+jets)

. g —— -1
CDF Il Preliminary (72 pb ) CDF Il Preliminary (72 pb )
= 2
Eg_ Herwig 175 GeV/c? 10 M, =171.2 £ 13.4 £ 9.9 GeV/c
S 100f v2indf=1.12 9 E e e .
Q E H Backgrournd 0.
-g 60;_ g \ NH BE Events with tag (8) E E
2 a0 &Z—_ 7
>~ :
D_iﬂﬂl I'I|5I|jl Iéﬁdl Il2é[lll I3002 3J50 '(5 6%\‘ \ 160 165 170 175 180 185 190
Reconstructed Mass (GeV/c ) Te) - Top Mass {GEWCEJ
gs |
3 4
« B0F Vecbos - 3:_ \
> 500 %2/ndf=0.96 o \
© a0 LLI =
2 300 background /1T \\
2 o0k F
w 10%_ O_JJ‘ | Lol E%M' bl
h o T 100 150 200 250 300 350
100 150 200 250 300 _ 350
Reconstructed Mass (GeVic ) Reconstructed Mass (GeV/c )
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‘ Electroweak-related Searches

A Challenging Goal:

Model-independent, “signature-based” searches

Focus on Final States:

- Many possibilities for new physics
* Very simple
- Backgrounds are “precision physics”

“Precision Searches”
Electroweak final states are ideal here...
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KK
2

High-mass e*e-

(see A. Munar’s talk)
_CDE Run II Preliminary

T T T T T "]

e Data
|:| Drell - Yan
. QCD Background ]
] tt, WW, WZ, tt £

[a—
-]
lid
T

I3

T 10

> B

w~ 10 central-central + -
- | . central-forward

= ]ll

5 TR -
m E

[

O ]

50 100 150 200 250 300 350 400 450 500
Dielectron Mass (GeV/c 2)

/', extra dimensions, compositeness
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‘ Angular Distributions: Interference

2
>WM< N >Z< N >z + W
1+cos260 cos6 © 2 ¢ 2 e
central-central + central-forward
et qE 1 CDF Run Il Preliminary
0.8 J-L=?2pb'1
0.6
0 ar-
P> <p 0'5
0.2__ ﬂ
0 - !lﬁ Ziv* — e'e” MC
C band includes
e -0-2;b; =+ soveral heoretcal
-0.4F Statistical
<Eorward Backng;d 060 . :H:=$= N Total
40 60 100 200 300 600

M_. (GeV)
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Forward di-electrons

Selections: Plug Dielectron Mass, 1 >1.2
90
* Electrons (forward only) CDFII Preliminary
— Isolated EM Calorimeter cluster 80_ J- Ldt=60pb"
— E;>15 GeV 70;_ Data
— Calorimeter-seeded track 60| acD bkgd
50/
Sample: (60 pb! Run 2 data) a0k
* 843 events sof-
20/
QCD background (M,, > 100 GeV): |
100
w/o tracking: 60 =5 .. % %:rh;i N T L T
with tracking: 423, % 0 60 70 80 90 100 110 120 1;291(%09\;)50

Similar to central-central background
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Outlook

Goal: 200-320 pb! delivered in FY03

A P T T =
JA 200 cdof etMorn Apr Mayw2002:) Audsen Dethowed o i2003
200 € > < > <

g

Ml
h
d

Total Luminosity ( pb)

Delivered
To Tape

100

......................................................

Store Number

CDF efficiency continues to improve, as well
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O

Conclusions

* Preliminary results established for major

electroweak benchmarks

* Broad top physics program is underway

* Promising searches in clean electroweak final

states now match Run I sensitivity

- Improved detector, new techniques will extend

reach beyond expected luminosity increases
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