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Tevatron Accelerator

* New 120/150 GeV Main Injector replaced Main Ring
— Higher intensity of protons and antiprotons.
» Tevatron operates

with 36 x 36 bunches
(had been 6 x 6)

* Increased CM energy
1.8 TeVto 1.96 TeV

Run Il started in
March 2001

F. Ukegawa, CDF 1
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Collider Run Il Peak Luminosity
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2 . (Mar 21, 2005)
150+ . o
s 2007 / 2002 A « Delivered luminosity
= L
3 100 / . ~ 850 pb-t
o / _200__ « Recorded luminosity
Oy 100 150 200 230 300 330 ~ 660 pb™*
ay

Many detector components
are brand-new
g o * Tracking system
« Silicon detectors
* Main drift chamber
~« FE electronics
* Trigger/DAQ
* Plug calorimeter
» Extended muon coverage
* TOF system

Bolenoid
msesceien resne REtAINEd good momentum
Siltesn Devectes resolution & lepton ID.
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B

W boson

Top quark
Higgs
b->s

Gauge boson

W helicity

http://www-cdf.fnal.gov/

NEicEiousakPEESY 1V boson mass

p scale: J/i, T — utpu~

Z% — utpu~ and — ete™

i

F. Ukegawa, CDF
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W Mass Measurement

Muons Electrons
3" : m. fit : i, mfit
i ¥ 4 il = 04§ BR I'- o0 w*idot = BO / BB “'\.
| s _-‘-__F-"'.—-.- - o'-_ 1 " ’\‘H"“—-—--.
b L mT(|.,|\1)(Ge§/°3ol * * mT(ev)(GeV‘)m
3 b . i w .
3 A p, fit 5 ) B fit
g 20001~ w,.,'-"".. ~_< y¥idot = 57 | 58 E ."-h.. ..-I.-' Yo = OF 0 BE
O . . B w J ".\-,
."\._M w50 " \."-“__
Fits still blinded
W boson
Source Electrons Muons
Run II Run II
(RunIb) (Run Ib)
Systematic
Lepton energy scale and resolution 70 (80) 30 (87)
Recoil scale and resolution 50 (37) 50 (35)
Backgrounds 20 (5) 20 (25)
Production and decay model 30 (30) 30 (30)
Statistics 45 (65) 50 (100)
Total 105 (110) 85 (140)

Total uncertainty (76 MeV) already lower than Run 1 (79 MeV)

9

F. Ukegawa, CDF
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Gauge boson pair production toy Ve Vi Va
Unified electroweak theory : kT
Non-Abelian gauge structure.

— self-coupling among gauge bosons. £ P { S

p— WHW—X — (¢tu) (¢~ )X
2 enegetic leptons, large missing Fp, no jets.

Run 162175 Event 1550545 : WIV — ¢*y,u~7, Candid

pr(e) = 112.7 GeV/e; pr(p) = 57.0 GeV/e; M, = 165.6 GeV’

Yr =868 GeV; ©(fr) =1.6

A®(¥r ,lepton) = 1.2; Ad(e,n) = 2.4; Opening-Angle(e™, e”)=1.9

CDF : o(pp — WHTW =) =1437T535+1.6+0.9 pb
(12.5 4+ 0.9 pb theory)

W + Photon Production

Photons detected > 7 GeV
Check 3-body mass (I v y) for brems.

RASFE i
(W — pv channel)

([ IR

- A B e e s e e

CDF Run 2 Preliminary 202 /pb

o L T L S R B ] T = L B A B B A
5‘-3 220 k 1 % @ data 259 events b
> 200| Ol O Wy—>hyMC+BG |
e . - F O QCD+2Zy+tvy E
-~ 180} : 0 E Zv + B
z . . £ O Zy+rtvwy ]
= 160 aihiy = E r W vy b

140 o WL s 10E E
120 B A 5 - E
- 5 L L ]

100[ u E
80 . 9 W= | v Y MG ! E E
sol x4 s 128 Wy p vy Candidates £ 3
¥ o 195 Wy—s & vy Candidales [ ]

40 | |
; ; pog ey 10"

40 60 80 100 120 140 0 10 20 30 40 50 60 70

M1, v}(GeV/c?)

197+ 1.7+20+ 1.1 pb (CDF)

O'(ﬁp — W’}/X)B(W — EV) = { 10.34+ 1.4 pb (Theory)

More direct test : angular distributions — radiation amplitude zero

F. Ukegawa, CDF
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iGoEE W YPTEYI T

AP D 27 v — 5 ﬁ?ﬁ

* Observed by CDF in Run-I data, 100 pb-. *ﬁ ! ﬁf:ﬁ
» Tens of events reconstructed, ij e
measurements limited by statistics. —E:
* Run-1l data should allow more detailed studies. %
Top Physics =4
9 P\ L b » Production Cross Section I-EE
L
- _‘l}{_‘_ / » Production Kinematics ﬁg
E[j, 1!‘/ / » Top Spin Polarization L
id | -7t » Resonance Production i Slgnatu re:
; * = = « Two W and two b
\ Pl * W to lepton + v
@'t —¢ w k
+ Branching Ratios \ - or, to quar s
- Hore Decas e 9.V * b-jets tagged with
o b lifeti lept
+ Non-SM decay (t +1') WIS (@l LIl

Top quark production cross section Di-lepton channel

pp — tEX — WTW=bb — (£10v) (¢/—7) bb, CDF 197 pb?
two leptons and two jets from b quarks.

Jet multiplicity distribution

Event count per jet bin

s [ CDFII-197 pb™

Ks)

D70 — WW+WZ+2ZZ
=

.g 0 +—— + Drell-Yan

= = + fakes

c 50 .

) + tt (ogy, = 6.7 pb)

I
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w
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S
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o

— T _ +2.741.5
o(pp = ttX) =7.07T55773+0.4 pb.

F. Ukegawa, CDF
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pp — tEX, W — fv, W — qf,

Top Cross section b-jets tagged with secondary vertices.

CODF Il Preliminary = T -

1 HT = 358 GeV 160L [ mistags i

0 Whbb B

[ Wee i

0.8 a I non-W 1

H @ We 1

H W VWWZZsm

—0.6 2 [ Single top B
E ) Totbkgdt o
> Jot3 31.7 GeV 8 * Dala(162pb’)
0.4 . Electron T2.6 GeV ‘5 A * - -

M RN RN 7

H  ESRRNNRR RN |

2 ]

E ]

02 3 .

| PO sty 1 S PRI (. L i, ]

Number of jets in W+jets

Jet

o(pp = tiX) = 56112119 pp

Many other measurements with various techniques.

tt Production Cross Section

Many channels and techniques.

3 Cacclariet al JuEPOtOL0SE 004) | |
m=175 GeVic CDF Run 2 Preliminary
Dilepton: Combined 7.0+3%+1%
(L= 200pb ) ; : s i
Top Production Cross Sections
Dilepton; MET, # jets 863511 AL
L= 193p07) -g_ 4 CDF Run 2 Preliminary
Lepton+Jets: Kinematic 47+]8+18 T; )
(L= 193pb ) 10
e |
Lepton+/lets: Kinematic NN 6.7+]1+18 ]
(L= 193pb )
Lepton+Jets: Vertex TagtKinematic 6.0 =15+ 8
(L= 162pb ") oG
e nlfL’g- =

Lepton+Jets: Vertex Tag 56x]7+52 Run 1 _—
(L= 152pb7) e 31— aersGeY . —
Lepton+Jets: Double Vertex Tag  5.02332]:] 1 S | ] G'_v__ T
(L= 162pb ) A S R . ey

_ = S -
Lepton+Jets: Jet Prob Tag 58+13+13 4 -
(L= 162pb") - - i L

e e ——
Lepton+Jets: Soft Muon Tag 52+33x13
(L= 193pb") 2
ALILP:Sa:rgnic: Vertex Tag 7.82+28+31 | Cacciari et al. (hep-ph/0303085), m=175 GeV
i A R R AP R ) L
1l
0 2 4 6 8 10 12 14 YT rghn T agl ; T i
> 1800 1850 1900~ 1950 2000
o(pp — 1) (pb) J5 (GeV)

F. Ukegawa, CDF 7



JPS 2005 Spring 2005/4/6

Top Quark Mass t n’ 2

. W Lwow f o W Low
Combine with W mass, \ L

probe Higgs indirectly. b w ?
AM, M2 AM,,, oo InM,, New Physics

World average : Run | only

Run-II expectations, ~3 GeV

Bdass of the Top Quark sk ek bt r T
Measurement M, [Gevic) 1 —LEP1, SLD Data
CDF 6l * _:, 1674+ 114 ] LEP2, pp Data
Do dil R 1684+ 128 80.51 es®mcL
DF 14 —'.:l—' 171+ 73 %} ] CDF/DJ d
; : S 80.4 1 1goal | —
DO 14j o woss3 = S04 2fbgoal o ~ ]
CDF allj —— B60+115 € 1 ]
: 7 fdof = 2674 80.3 1 ]
TEVATRONRunl [0+ 1780+ 43 m,, Ge 1
H 80.2 1 11430071000/ Prelimi‘narry_
158 75 200 130 150 170 190 210
p3
M, [GeV/C] hep-ex/0404010 m; [GeV]

Top mass measurements

| Both b-quark jets tagged |
Reconstructed Top Mass {GaWcz}
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Dynamical likelihood method
(K. Kondo, J.Phys.Soc.Jap. 57, 4126,1988)

Events{10 GaVic®)
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F. Ukegawa, CDF 8
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W helicity in top decays

L I,

T T T
| Leplon sagular disinilisn in Lap decay
- e LORgH udmal

e ]

1/ H N fdesad’

coat”

fo

either left-handed (W,) or longitudinally polarized (W)

(¢t — bWp) _ mt2

F(t—bWo) + Tt —bWr)  mZ+2mf,
= 0.70 for my =175 GeV/c’

Lepton angular distribution in
W rest frame :
Backward peak for left-handed W.

— smaller momentum in lab.

" CDF Il Preliminary :
/ Ldt = 200 pb~! e

fo = 0.27 +0-35/

= 40l — O . 24 7
S
o
% 30 R
:.GE, - data
S ool best fit 1
left-handed component
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10 background component |
‘ S
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S
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pp — HVX, H— bb or WWH*

F. Ukegawa, CDF

200
¢

Also reconstructs coso*

CDF Run Il Preliminary (162 pB')
B

— 1B
fo=0.807230 +0.17
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W= & OREfEER © pp — WHX — (bv) (bb)

W + two bjets

Analysis similar to top search, tag b jets.

But BG higher than in top search.

W'bb Search Jet Multiplicity

COF Run i Preliminary 162 pt'
® Dats

[ weetight flavors

. Wshsavy favors

- Dibosan and 2t

nen-W"

Fal T

........
Jet Multiplicity

W'bE Search Dijet Mass Distribution (= 1 b-tag)
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F. Ukegawa, CDF
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=
a

a(WH) « Br{H — WW) (pb)

. Cross section upper limit of WH signal

COF Run Il Prefiminary
193.5 pb~"
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— * /—
pp— HX - WWH X — ptpi—Xx
large missing energy no jets
Main BG : electroweak W pair production
CDF Run Il Preliminary, L, ~ 200 pb™ CDF Run Il Preliminary, L;, = 200 pb™'
;i;et. %4. 2 M,, = 180 GeV
B 2
0 50 100 ~ 150 200 250 ) i - 3
M, AD,
Leptons + missing E; system mass Opening angle of leptons
Higgs
CDF Run Il Preliminary
A~ CrTTT ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L
o) - ]
N R AR 4 ;
D jo T T E
[ [ amapeen. =
.Q e L L L ) ]
= © WH—> ubb H > WW® —> vy
(% r Line=162 pb b
I 1 E ==== [Expected Limit -
a E = Observed Limit j
o r —_— SM Prediction ]
< b ]
10 E
’\O_Z [ /\ ol b by
100 120 140 160 180

My (GeV)

F. Ukegawa, CDF
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JPS 2005 Spring
B physics : does the unitarity triangle close?
(e m)
X
V;:!, / AV —Via/ AVis
= p—+in =1—p—in
(0, 0) (1, 0)
e |V from b — clv, |V, from b — ulv.
e |[V,y| from Amy,, better if we use ratio
Amsg Vis 2 Mg, .2 +0.13
=|— —E (52114 + 0.03_0:02
Amy Via| mp,
e sin2s3 from B%/BO — J/¢yKQ. Now precisely known.
e o from BO/BO — ata—, etc.
e v from B — DK, etc.
B—, BY lifetimes using semileptonic decays
CDF Run Il Preliminary CDF Run Il Preliminary
6000 — —
lepton+D™~ (D ~ excluded) lepton+D
~G ~, 2000
= Signal — 13362 3 Signal — 3779
= 4000 = 1500
2 R ool ¢—pD*t, ~ BO
s+ =
% 2000 g
§ (§ 500+
9.7 1.‘8 1‘.9 2 o 0.14 O.‘16 0.5.8
M(K 1t (GeV/c) AM(K TTHs-K itt) (GeVv/cY)
Sor o oy Combined lopton 5]
ﬁ 102; pacraronnas ﬁn 10 &
é 10 % 1
g E G
R 107"
0oy o S 0z 0.3 01 o o1 02 0.3
Pseudo-proper Decay Length (cm) Pseudo-proper Decay Length (cm)
7= = 1.653+0.020 T 3933 ps, 70 =1.473+0.036+0.054 ps,

7= /79 = 1.123 4+ 0.040

F. Ukegawa, CDF

4+ 0.041
—0.039

fEE s

(LR E)
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INEWBHYSICSTABISSHaRSIHONIN 5ol pri o1, 261602 (2009

F. Ukegawa, CDF

Raw Asymmetry

BY/BY — ¢ K2 (b — s5s) BO/B® — J/4 K2 (b — cts)

~+-qE=+1

1 Fb) B® — oK% 600 F
) q) S v -o-0&=-1
0.5 F S 400 F
g
0 - — g 200} §
05 F -, e
-, Og 0<r<0.5
1 F % 05F
z 1 +
1y =0 \ﬁ’* + +
05 F g o5} +
OF_ Z; 08r=10 T
SR ot ++
-05F :\ +
£ orT4 i
1 1 1 1 Q5 < I’IS 10 \M ;
-7.5 -5 -2.5 0 2.5 5 7.5 -05
At (ps) 8 6 4 2 0. 2 4 6 8
At(ps)

sin28 = —0.99 2 0.50, vs. 4+0.731 + 0.056.
3.5 o away!

CDF b->s (SUSY?)
B-factory

o Ams : BOBOEHIDIEEEK
If > 18 ps~ 1, a new particle in the loop.
o BY — J/Y pRAEEICRIT D AT s # 0 BLX CP DR O#

2
A

% AR T Vs DALAHDIELT, DFE D ~ 0% T#.
e BY - T~ BLW BY » KTK~ HiETO CPIFHE
DHIE

o MmO - 4 BY — putu—.
Extremely suppressed in SM, B ~ 10~9 predicted.

2005/4/6
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Rare decays BY/BY — ptpu~

b ——

NANNANY
.V, for BY, V, for BO, . "
- FCNC d s e
* Helicity suppressed. 5 "
* B.F. very small.
d s t W Z/y

SM predictions for B.F.

e B — ptp~ (1.00+£0.14) x 10710
e BO - utpu~ (34 + 05)x109
e Five orders smaller for eTe~ modes.

CDF Preliminary: ~360pb’’

4 Iy 2.7M Triggers:

. 1 * JPsi
Rare B

1 . BBbar
10° 3 W(2S): 100K Upsilon

iy

] [~ Y(1S): 18K

3 \ Y(2S): 3.6K

10 o
102 ] //{/-‘

0 2 4 6 8 10 12

Di-Muon Mass(GeV)

o(pp — J/X) BLT o(pp — bX) ORIE
AL Egmse (M%)

F. Ukegawa, CDF

2005/4/6

14



JPS 2005 Spring 2005/4/6

BY/BY — ptu~ Search Result

T

[ — Ty CDF Il | |One candidate
s{d} . .
4 in the overlap region of B,
171 pb and B, mass windows.

B.R. <1.9 x 107 for BO,

B.R. < 7.5 x 107 for B

@ 95% C.L.
PRL 93, 032001 (2004)

entries / 20 MeVic >

-
3B, search window
B, search window

Previous CDF limits :
B.R. < 8.6 x 107 for BY,
B.R. < 2.6 x 106 for B,
PRD 57, 3811 (1998)

]

48 & 52 54 BB 58
M ) [GE"U"."CE]

update (360 pb"), 3

BY — J/¢pp — p T  KTK T corrunipreiminay [ SOF 240 P02

E [ B U
CDF Run Il Preliminary L ~260 pb™ g- oS vo --data
N F 3
L [ B, —-Jyo - data 1010 B ct(sig)
T 60 203415 sig. Ensio) 5
= candidates a r ct(Bkg )
S sof- Fit prob: 93.4% m(Bkg) g o[
g had: —ct(Bkg )
o o[ = '
g E ‘g Fit prob: 26.9%
% 30: 8 10
S E
€ 20
]
o L
10: 1e
0" 5.4 55 S

-0.1 ! } 02 03
ct,cm

(upuKK) mass, Gevic?
m(BY) = 5366.01 £ 0.73 £0.33 MeV/c2 7(BY) =1.369+0.100+ 0.010 ps

Predict 7(B?)/7(BJ) = 1.0 £ O(1%) Can exhibit a different 7 than
But expect Als/I's ~0.1. in flavor eigenstates.
Mode dominated by CP even ATl s 7 0 may allow CP studies

Future : look for CP-violation, ~0 expected in SM, arg(V,s).

F. Ukegawa, CDF 15
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BYBY RIZBIT D HMA AT s DHR
HIREEBY — J/p ¢ — pTpu  KTK— 13 CPEAIREE
DELREDLE — FM2 8T

Eﬁ’@ %ﬁp(t) — fL e t/TL + 1— fL e—l/Ts

u:: v v CDF Run Il Preliminary L ~260 pb'1
oo + 10F B - J/\y(]) —edata
M i Sig u

‘ ‘ ‘+- ‘+ ‘ ‘ - Slg Light

Slg Heavy
Bkg Long-lived

Bkg Short-lived
Fit prob: 26.4%

H ]

0.2 0.3
ct.cm

i388

candidates per 50 um
5
T

lfL—l_L/l_—0232:|:O 100 £ 0.013

7g = 1.05 £ 0.15 ps, 77, = 2.07 £ 0.52 ps.

& 7=1/T=140+0.14 ps, (AF/M), =0.6571923

B signals from CDF SVT triggers : full reconstruction

B- - D%~ — (K nt)n— B » Dt 5 (K ntat) =™
CDF Run Il Preliminary L = 355 pb™ CDF Run Il Preliminary L = 355 pb™

+ =0 4 s

~ 1500 B ﬁ.D P . BO—>‘D b1

°Q 5625 candidates 2 6157 candidates

> >

2 2

p 31000*

:| 1000 :‘

510001 : 5600 2 6200

= 4 =

= H*H 4 =

] f ]

S 5 500

5 500 5

o Wy o

[S : £

2 Ommmo’ ‘o.o“,",“ “”"nm‘»w 2

0 : : : : 0 : : : :
4.8 5 5.2 5.4 5.6 5.8 4.8 5 5.2 5.4 5.6 5.8

K* -t mass [GeV/c?] K*'n~ n~ 7 mass [GeV/c?]

Calibration modes for BYB? oscillations.
Understand proper time resolution and flavor tagging

F. Ukegawa, CDF 16
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BYB? Oscillations (g =d,s)
Punmix(t) = %e_t/T (l4+DcosAmt)

1
Prix(t) = ;e‘t/T (1 — Dcos Amt)

D is an experimental factor, called " dilution”,
reflecting an incompleteness in initial flavor determination.

e Reconstruct B meson decay with flavor-specific final state,

such as D and ¢vD.
e Measure decay length L and momentum p
L

e Extract proper decay time ct = 5 = L%

e Determine the initial flavor, B° or B°

e Fit for Am, and optionally for D (in B} and BT)

Measure flavor tagging using B* and B° decays

N(t)unmix - N(t)mixed

Amix(t) = = Dcos(Amt)
N(t)unmix + N(t)mixed
CDF Run Il Preliminary L = 355 pb'1 CDF Run Il Preliminary L = 355 pb'1
0.3 1 B' > Jy K, B">D nt 0.3 1 B> JyK® B’ >D n*
0.2 + 0.2 1
> 0.11 |1 | > 0.11 Jr
g MU o Sy | T g
£ 0 £ 0 ™ | I |
= = | e —
) %]
< -0.11 << -0.11
-0.2 1 o Data -0-2 1 « Data
03 ] — Fit projection 03 | — Fit projection
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
proper time [cm] proper time [cm]

eD2= (1.1 £0.2)%
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Toward B9B9 oscillations

BY — Dfr— — (¢prt)n— BY — ¢—oDF X
CDFI Preliminary, 355 pr.Ba' » Do, D,— CDF Run Il Preliminary L = 360 pb-l
"o 140 e ©1600F [T +
= T = r _7 " f ul
2 120 PR 21400 : A
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2 100 [ ; . 101200 N(D) = 4355 + 94 [t
= o] . B s (L% @ r +
E‘ 8O |-’ |r ’ | .II!- combinaioial %1000; [
g i} H! bachgrmund g 800 “\‘ \\
w 60 | f A = F [
=] f ENOF - 3zl S 500F f&\ | f
2 40 # prot: 30, 18% B 71 \ J
5 | 400 B X, J/ L&
20 TR . . g )
: .\l ﬁ'n,‘lv!ﬂ'up‘ﬂ.#ﬁ"ﬁ 200= S .
CL P R T S BT R S S
L a5 6.0 6. O1s5 1.90 1.95 2.00
K'K g mass [GeV/c™] mass(KKn) [GeV/c’]

Total hadronic : 900+43 Total semileptonic 7700150

Measurement along the way: ¢t (B%,) = 479 + 29 (stat.) £ 5 (syst.) pm
(PDG =438 # 17 um)

Oscillations with Am = 0.5 ps—! and 15 ps—}

B? and BY Oscillations
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o
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o
o
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o < 100 fs is necessary and achieved.
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Search for BYB? oscillations : amplitude scan
1+ DcosAmt — 1+ ADcos Amt, then fit for A

A

semiepionic_hadronic

4] —dmtio & oEncLimt 75ps" Limit :
1645 o sensitivity B4 ps’ . . Y -1
2 B datat1 8450 {H 1L, l‘ A ms > 7.9 pPS
.E data$ 1845 (stat onhy) -:\h_a__,- r\x I~||| 95% C L.
g, LT
2 A e
.2 7 D |
4

Best single experiment limit is 10.9 ps! (sensitivity 15.2 ps?)

Impact on World Average Sensitivity

wesrtd et _ext
= dnlnzla & D9%CLEME 146ps’ = dnlnzla & D9%CLEME 146ps’
29 rmse  osessvy 182 iy 2 18458 O sealiviy 100" o ]

| EToERR- Tl . | EToERR- Tl ™ ] 1
dits & 1 BA% o (ilal anly) dits & 1 BA% o (ilal anly)
Gtk e
£ i d
- i adhi WH ) . &
i ¢ AL
1]
"

We increase sensitivity by 0.4 ps1, limit is unchanged
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Tevatron Run-Il in progress since 2001 :
* Machine luminosity vastly improved,
delivered > 850 pb-! to each experiment.

+ CDF recorded ~650 pbl.
— 6xRun-| total. More to come.

* Top production reconfirmed, new precision / measurements coming.
» Electroweak physics :

— Precision M,, — indirect Higgs mass. Triple-Gauge couplings.
» Enhanced B physics capabilities :

— Many ways to test CKM triangle, b s transition in particular.

« Expect to collect ~2 fb1 in the near future (early 2006?),
and to make some significant measurements before LHC.
Surprises welcome, too!
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