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[nttoduction: why?

B CDF is known in the physics community
for having discovered the top quark, and
running at the world’'s largest energy
accelerator

m Does it make sense to study low-energy
events, a field dominated by dedicated
experiments running at b factories?



[ntroduction: why b physics at Tevatron

m Extremely high cross section
B Access to heavy states (=.,/\.)
m Relatively “clean” events
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[ntroduction: why b physics at Tevatron

B However:

— Luminosity factor 1000 lower than
b-factories

—Not optimal calorimetry (and PID)

—Large backgrounds (important
combinatorics, trigger issues)

B Not obvious a priori: more details,
please!



The accelerator

The Tevatron is the largest-energy accelerator ever built.

It serves two collider experiments (CDF and DO), plus
several fixed targets (KTeV, NuTeV, DoNuT etc.)

From 2001 it started phase 2 to increase collider luminosity

Run |[—-Run |l
Ecy=1.8—1.96 TeV
Tounch=3900—396 ns




Changes between Run I -> Run II
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Initial and revised luminosity goals

m Initial planning for Runll was to achieve instantaneous
luminosities of 2x1032, for an integrated luminosity of 2
fb-1 over a 2-3 year period and 15 fb-! before LHC.

Projected Integrated Luminosity

m First goals were
not reached,
schedule revised
by DOE reviews
(oct. 2002, july
2003)

eview, July 21, 2003



The progress of Tevatron luminosity

W 1.5 years after that
looks like the
accelerator is much
better understood,
performances
exceed (revised)
expectations, still far
from design goals




Reasons for improvements

Fight for better Tevatron

10/02 03/03 09/03 02/04 ;}fp only

Record Luminosity, e30 36 41 S0 63 n/a
Protons/bunch 170e9 205¢9 245¢9 245¢Y same
Pbars/bunch 22¢9 23¢9 25¢9  30eY same
P-loss at 150 GeV 14% 10% 8% 5% 5%
Pbar-loss at 150 9% 4% 2% 2% 2%
P-loss on ramp 6% 5% 5% 4% 3% *
Pbar-loss on ramp 8% 11% 8% 6% 2%
Pbar-loss in squeeze 5% 2% 3% 1% 0%

... at the beginning of store:

Pbar lifetime at HEP, hr ~40 ~35 ~35 ~30 ~900
Proton lifetime at HEP, hr ~90 ~60 ~20 ~100 ~300*
Eff.emittance lifetime, hr ~14 ~26 ~31 ~16 n/a
Luminosity lifetime, hr ~10 ~13 ~10 ~9 n/a

DoE Review 02/25/04, Tevatron breakout session - Shiltsev
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* 4 systems of scintillators and proporional chambers e * Scintillators
* min scattering resolution [120p;248] crmip : 100 ne reanlutlnn
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| Calorimeter “ TN = | -:.
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. The first §i detector at hadron machine

With 750,000 channels, the largest
- Silicon detector in the world!

" position
' 3 systems of single or double sided detector
' down to 10 pm spatial resolution (30D)




:: & C ® 0 an pe stored on tape
Process Cross- |Event Rate
section

Inelastic pp 60 mb|6 MHz
PP—>bb (b p>6 Gev, i<1) 10 ub| 1 kHz
pp— WX —LlvX Snb|0.4 Hz
pp—/ZX—LX 0.5nb|0.04 Hz
pp—tt—WWbb— v 2 pb|0.0002 Hz
bbX
pp— WH—Lvbb 151b |15 10-7 Hz
(M,,=120GeV)

Assume L =100x103% cm2s-!, €=electron or muon



Finding needles in E:
haystacks: the CDF trigger &

crossing rate

46 L1
buffers
30 kHz L1 accept

412
buffers

300 Hz L2 accept

300 CPU’s L3 trigger

70 Hz L3 accept

\ 4

L1 trigger

Missing E;, sum-E;

Silicon tracking

L2 trigger Jet finding

Refined electron/photon finding

{ Full event reconstruction




Strategies to trigger on Heavy Flavors

m Di-lepton - dilepton sample
— pT(we)>1.5/4.0 GeV/c
— J/hy modes, masses, lifetime, x-section
— Yield 2x Run | (low Pt threshold, increased acceptance)
B |epton + displaced track - semileptonic sample
— pT(e/n)>4 GeV/c 120 um<dO(Trk)<1mm, pT(Trk)>2 GeV/c
— Semileptonic decays, Lifetimes, flavor tagging.
— B Yields 3x Run |
m Two displaced vertex tracks - hadronic sample
— pT(Trk)>2 GeV/c, 120 um<dO(Trk)<1mm, S pT>5.5 GeV/c
— Branching ratios, Bs mixing, ...



eXtremely FFast Tracker
Heart of CDF Run Il trigger / v R

L1 tracks p;>1.5GeV every 132ns
Efficiency=96% o(®)=5mr . .
o(p;)=(1.74 p;)% £ & X TN A e

L1 electron = L1 track + EM cluster
L1 muon = L1 track + muon stub _ T &

L1 high p; lepton triggers for W/Z  : -
L1 low p; lepton/track triggers for B ..

. A ] ol Frl
N W ok Sl T o e T,
E . 1 N i oI

B . - x-|(-)4 CDF Runll Preliminar;r, L?'-Opb !
Low p; di-muon trigger: | L
2 L1 muons p>1.5 GeV = o - candlidates
Collect J/W’s for calibration 8 st i
. R -
and B physics s ]
E S

J/vw Candidate Mass, GeV/c”




The SVT

B decay vertex
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SVT architecture

The SVT

£oT
XFT

SUX Hits COT Tracks

The Silicon Vertex tracker allows
reconstructing track parameters
(including impact parameter) on-line.
Based on an
pre-defined roads stored and
compared to detecor information. —

++

. mil’l'liﬁf ﬁﬂﬂ)w il

naw SVT pattarns

+ald SWT patterns




Now we know what the C in CDF
stands for... (IKK.Pitts, .LP’03)

B Two-Track Trigger :
p'|'>2 Gev, d0>100m, zpt>55 Gev % ) o

selects a huge sample of D°
(prompt or from B)

83 1. 1.85 1.26 1.87 1.88 1.23 1.8
r Invariant Mass [GeVic ]

EDF Run Il Preliminary 5.8ph
fp=06.6+0.4+3.5%,

1|| :l qq': 1|Ir|u
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Entries per 10 pm

2
M{KKn) [GeVic']
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Charm cross section

COF Run I preliminary
D' DataTheory Cross Section

Done with few runs (syst. lim)
-g(D%)pT>5.5 GeV =13.3 + 0.2 +1.5 pb
-g(D*)pT>6.0 GeV =5.2 + 0.1 + 0.8 pb
o(D*)pT>6.0 GeV =4.3 + 0.1 + 0.7 pb
Ul -G(D*)pT>8 GeV =0.75 + 0.05£0.22 pb

COF Run I preliminary
D" DataTheory Cross Section

Agrees with Cacciari Nason JHEP
0309, 006 (2003), but on the high side

Data Theary

20
pD") [GeVic]




Cabibbo-suppressed decays and asymmetries

DO decays other than K1 seen in mass

plot.
[(DO->KK)/I(DO->K1T)=9.38+0.18+0.10%
[(DO->mr)/IM(DO->K17)=3.68610.076+0.036%

compare with FOCUS (2003)
[(DO->KK)/I'(DO->K11)=9.93+0.14£0.14%
[(DO->1r11)/T (DO->K17)=3.53£0.12+0.06%

CP asymmetry: tagging the soft 1 from
D* decays.

A(DO->KK) = 2.0 +1.7+ 0.6 %
A(DO->1rr) = 3.0+ 1.9+ 0.6 %

CDF Bunll Preliminary §5+4 pb”

= 20008 D' —+D"z—[xx]n N = 2687+ 60
e

1 L 1= -l | -
176 178 18 182 184 186 188 18 102
rr Mass [l3i'|'|'-;1]

COF Runll Preliminary B5+d |:.I:-'1

iy Ep—
D =D n—[KK]n

M= 8220+ 140

k] a5
KK Mass [GeVic')
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FCNC D> u u decays

CDF Run Il Preliminary

SM Bris 3 x 1013

Can grow by 107 in R-violating SUSY
DO->1r1r used as reference sample

0 events observed, 1.8+0.7 from BG

BR(DO->pu)< 2.4 x 10-°at 90% CL
(improves PDG by a factor 2)

COF Run Il Preliminary

Mormalization mo E|E!Z
. -




Orbitally-excited charm mesons

Total angular momentum of a meson: Depending on relative spin
orientation, 4 P-wave mesons (L=1)

In heavy quark limit, masses of mesons with same j,=s.+L are degenerate.
corrections introduce hyperfine splitting, particularly visible for
states, decaying via a suppressed D-wave, (width = ). Width of j =1/2
states is about 200 MeV.
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Decay topology

J=3/2 narrow resonances: D,(2420) and D,*(2460).
Mass is known with a precision of about 2 MeV and
width with about 5 MeV. Studied in CDF in the decay

D**-> D*r +
_>DO Tt _” K#
SKEg |
two strong and a weak decay, giving rise to a displaced
vertex from the DO.

These kind of events are observed for the first time in
Runll due to the impact parameter trigger done thanks
to the SVT.



D** signals: 7000 and 4000 events

|_Signal mass difference | D** candidates are created

combining the D* candidates
with all tracks (assumed 1)
with opposite charge and
Pt>1.5 GeV

Detector resolution
1S much better in the
mass difference
D**-D*, where the
82025 03 035 04 045 05 055 08 065 07 tWO peaks arc
clearly resolved

Fitted with 2 BWxGaus Errors on masses = 1 MeV

Plus BG described as e®™ mP \/(m—mn) (PDG: 2 MeV)




Mumberof Candtales! & Mevic ©

X(3872) confirmed by CDF

; &} dignal regien

B New unexpected narrow state
observed by Belle in J/WP1r1T

M(X) =3872.0 £ 0.6 £ 0.5 MeV
®m CDF has 2M J/V¥

® \We observe a 110 signal with
mass

T M(rx) > 500 MaVic ’ M(X)=3871.4 +£0.7 £ 0.4 MeV

Mags: BEEEET +0.08 (stal) MeVic

M+ B7 Candidates . .
Mass: 38714 + 0.7 jstal) Meilc What |S |t?

= (Fisadj: 4.3 MaV i’

0 e
Jann 463N

Charmonium?

DD molecule?
3.5 258 3.85 3.8 REs ]
Mass af Jyx'n Candiales [Sevic 7



Possible explanations

A state:

— Because D-states have negative
parity, spin-2 states cannot
decay to DD

— They are narrow as long as
below the DD* threshold

— Some models predict large Z Based on:
widths for E.J.Eichten, K.Lane
C.Quigg

— 1 PRL 89,162002(2002)
Jhy

BR(y(I'D)) > yyJ ly)
BR(w(’D,)) > n'n J/y)




B production from |/W¥

B Runl b cross-section ~ 3x NLO QCD N PP = B ViLo Wt ic)
m theoretical approaches: new physics, Next-to- [ (o e < pmser < Bhi
Leading-log resummations, non perturbative /N cimeaMi
fragmentation function from LEP, new % | dotied: Peteraon b-B)-0.375
factorization schemes... discrepancy reduced to g Lt
1.7 + 0.5(theo) + 0.5(exp) (see M.Cacciari in two weeks) R,

m Only top 10% in Pt of the total
x-section measured

® New measurements to lower p(B) : o(pp — bx) versus (pr(H,))

B Inclusive J/Psi cross section up to PT(J/Psi)=0 SR )
(first time hadron collider)

o(pp->J/¥ X)y <06 = (4.08 £ 0.02 (stat) 00 ;5 (syst)) ub

B Bottom Quark Production cross-section
o(pp->b X) \y<10 = (29.4 + 0.06 (stat) +6.2(sys)) ub

do/dp+(H,) nb/(GeVi/c)

——FOMLL CTEQEM, m=2.75, pepd

FONLL o(pp->b X),y<1.0 = (27.5 1 go)ub o

10 15

p,(H,) GeVic




B ptoduction from secondary vertex
(Monica)

Search for high-pt secondary verteces
inside a jet (midpoint with R<0.7) , if
= 2 tracks with large impact parameter

- Tracks from pl"Lrtlill';..l Veriex

Ciood tag with
Potentially . === positive L,
fake tag with “a__ o
negalive L,

Positive tags for efficiency, negative tags for background
estimation




B production: samples and first results

STO05, Jet20, Jetd0, Jet70, Jet100

Each sample used in P, range
where £€>99%

/C)

0 10 20 30 40 50 60
MidPoint R=0.7: Pt inclusive jet (GeV/c)

S,

GeV

+5. N+ X fb /
Yo APr;AY Leg €ptag

irY

Preliminary cross section using
efficiency and b jet fraction
from MC
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Measuring B masses

B Measure masses using fully
reconstructed B—~>J/yX
modes

®m High statistics J/y— 1~ and
m(2s)—J/yrt 7~ for calibration.

B Systematic uncertainty from
tracking momentum scale

- Magnetic field TR e N gy P
- Material (energy loss)

B B* and BY consistent with
world average.

(£
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N(Bs)=71.8 +8.2

Events/5 MeVic 2
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Ab ﬂﬂd AC CDF Run Il Preliminary 70 pb’

S N(A,)=38% 7
_ =
/\, mass measured in J/¥ mode g
best world measurement 2
|
|

g.s 5.4 5.5 5.6 5.7 58 5.
Ab candidate mass [GeV/c ]

83+11 A, — A ncandidates
(with dEdx cut on proton)

Also seen in AT
mode, will be used
for mass soon

Events / 0.005 GeV

BR(A, 2 A, %) =
(6.0 £1.0(stat) £ 0.8(sys) £ LR |
2.1(BR) ) x 10-3 R T ‘ .m(l;ar:;:_c) (GeV) |

Events / (0.02 GeV/c ’ )




Lifetimes

m Exclusive J/%¥Y modes
1.63 = 0.05(stat.) = 0.04 (syst.) ps

1.51 = 0.06(stat.) £ 0.02 (syst.) ps

1.33 = 0.14(stat.) £ 0.02 (syst.) ps
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—ct (Bkgs)

Bl ct (Bkg,)

Pct (sig)

—ct (Bkgg)
M ct (Bkg)
Fit prob: 19.7%




A, lifetimes

Use fully reconstructed Jwv— utu-and A—- pr
- Previous LEP/CDF measurements: semileptonic A, —> AJv

CDF Run II Preliminary ~ 65pb”

Unbinned Likelihood Fit To A - Lifetime
ct=374A78(stat)A29(sysHum

— signal region fit

— background fit

¥
g
£
=
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Also for beauty: rare B->up decays

B BR(Bs — up) ~ 10 in SM (SUSY physics two orders of magnitude
enhancement)

® Blind analysis optimized for 300-400 pb-' (~ 1 + 0.3 expected bkg)

CDF Run Il Preliminary 171 pb™’
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Limits at 90% C.L.
BR(Bs->MuMu) < 5.8 E-7
BR(Bd->MuMu) < 1.5 E-7

m B, factor 3 better than best published limit (Run 1)
B B slightly better than Belle’s at LP03: 1.6 E-"@90%CL




Finding beauty in only two tracks

B charmless two-body decays
- longer term

B Signal is a combination of:

CDF Run 2 Preliminary

280+26 events
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: 200 u=5.252(4) GeV/c2.
B Requirements 1§, 0= 41.0(4.0) Mevee
- Displaced track trigger ++
- Good mass resolution
- Particle ID (dE/dx) M(m)w\aw_
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Composition ot the B->hh peak

320+60 events

u=5.252(2) GeV/c?

o = 41.1(1.9) Mev/c MR Yield (65 pb™)
B’ Kz | 148+17(stat.)x17(syst)
B —>rrx 39+14(stat.)+17(syst)
B.—>Kr 3+11(stat.) +17(syst)

e T TR T
(dE/dx - dE/dx(n))/c(dE/dx)




More involved: using B->hh for Al',
(MMauro)

B Al /Am, =-311/2 m ?/m&?n(Al,)/n(Am,)
m SM: Al (/Am,=3.7*08 , . 103

m LQCD: Al/r,=0.12+0.06

m Present 95% C.L. limit: Al /I";<0.54

RooPlot of "ivaria " RooP ha momenium imbalance"

Disentangle on a statistical
basis contributions to the
B->hh peak, then fit
lifetimes for the different
charges

g g g g gUEY

o e SR i
q S L

Expected sensitivity:
0.29 at 500 pb-
*0.10 at 2 fb-?

e e [y e Dl st et



Bs: signal reconstruction 1n Ds 7

CDF Run Il Preliminary, L = 119 pb CDF Run Il Monte Carlo
about 100B ? — D _nt*
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Candidates per 10 MeV/c ‘

5.0 .
. 2
D, Mass [GeV/c ] Candidate Mass [GeV/c °]

Sta) (BR) (V) (/f)

Previous limit set by OPAL: BR ( )<13%



Towards B, Mixing

World average (prel.)

' + datatlc & 95% CLlimit 144 ps™ ‘rﬂv\ ;
L645 o ! L
Y R

< sensitivity  187ps"
[ datatledsc 7

[ ] data+ 1.645 ¢ {stat only)

® Combined world limit on B mixing

- Amg>14.4ps! @95%CL

B B oscillation much faster than By

il

because of coupling to top quark: |
|

I

!

75 10 125 158 175 20 225 2f

— - Am, (ps'l:‘.l




Ingredients for Bs mixing

CDF Run Il Preliminary B 5 D%x"
50

10 MeV
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- Tagging "dilution”: D=1-2w
- Power proportional to: gD?

Same-side (B8 &D?=(2.1+0.7)%
(B*/ B9/ B, correlations different)
Muon tagging  £D?=(0.7+0.1)%

- Crucial for fast oscillations (i.e. B,)



Bs: expected sensitivities

m Current performance:
- S=1600 events/fb! (i.e. oumecsive fOr produce+trigger+recon)

- S/B = 2/1
O 2 ity ot =il e wiin ~0GHa @
B s o sensitivity for Am,=15ps’! wi : of data

surpass the current world average
m  With “modest” improvements
- S=2000 fb (improve trigger, reconstruct more modes)
- S/B =2/1 (unchanged)
- &D? = 5% (kaon tagging)
- oy = 90fs (event-by-event vertex + L0O)

5o sensitivity for Am,=18ps-! with ~1.7fb-! of data (2005?)

5o sensitivity for Am,=24ps-! with ~3.2fb-! of data (2007?)



Final remarks

B P  C 2 Vo e -
ey =

®m CDF has a huge program in charm and beauty
physics- | just scratched the surface

o ?espite non-dedicated, it plays a major role in the
leld

m best for light (charm->largest sample in the world)
and heavy (B, N\) states

m B, oscillations will be seen in Run |l (unless
somethmg really strange over there)

®m Most of this success is due to the craziness of few
people who believed more than 10 years ago to the
possibility of reconstructing on-line tracks at trigger
level... any idea for the LHC?
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